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Un Ulis auspidous occasion, tohen the great Frendi nation has itioited the peoples of 
the loortd to inaugurate the 20th cenhini bi) joining together under her hospitable 5ki| 
in a brilUatit efhibition of the loortis of peaceful competition, it toould not seem ir- 
relevant to gtance back upon the departed Century. 1t has been essentiattii an age of 
scientific and tedinical deoelopment and» naturalli|, the mechanical and optical 
trades daim a prominent share in the progress of mankind urithin the last hundred 
years. 1f vot compare our present fundamental basis of all scientific measurements, 
our weights and measures, in their present perfection, uiith those edsting a hundred 
years ago; if wt place our finest astronomical and suroeying Instruments side by side 
uiith the, to us almost primeoal, forms as they efisted at the beginning of the Cen- 
tury; or if we glance at our present sensitioe physical and electrical measurements, 
remembering that a hundred years ago these were undreamt-of things, or in edstence 
onty in the crudest form, we cannot escape from a gladdening appredation of the 
enormous progress made within the last Century in the construction of philosophicat 
Instruments as well as thdr reaction upon the progress of scientific inoestigations by 
dint of improoed methods. R prominent share in this deoelopment of the aids of science 
is due to the 6erman Mechanicians and Opticians. 

Rt the commencement of the t9th Century, the Frendi and Cngtish makers of scien- 
tific Instruments wert far in adoance of the 6ermans. true, the tSth Century kneui 
of prominent medianidans, and at the oery beginning of the t9th Century Fraun- 
hofer and Reichenbach and thdr disdples, Repsold of Hamburg, Pistor of 
Berlin and others, had secured generat respect, in the sdentific world, for 6erman 
medianical skill; yet the Frendi and £nglish makers took the lead at that time, so 
as to almost supply the wortd's entire demand in scientific Instruments, this pre- 
dominance had the further consequence of causing young 6emians to emigrate to 
France or England in order to thoroughly master thdr subject. Many a 6emian me- 
dianidan of the present day owes to Frendi or Cnglish masters a substantial portion 
of his kmnoledge and eoen in these days it is the aspiration of many a teuton to 
toiden his practical knowledge in France or England. Ihe prominent position of the 
Frendi and Cnglish instrument-makers was mainly due to the support whidi in both 
counhies the State bestouied upon tedinical art. In England, the interests of the 
navy and Merdiant-semice gaoe rise to the assiduous deodopment of astronomical 
and nautical measuring Instruments, more particularly of astronomical dironometers, 
so as to ensure in these brandies an absolute supremacy, whidi 6emian medianicians 

ff cteMtcs äU OyHcs. t 
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2 IntroducHon. 

haoe ontii totthin the last ten or hoenh| xftiirs been able to cotitest France otoed 
her prominent position to the great geometrical suroeii of Cassini and his follouiers 
and» in a still greater degree, the admirable comprehensine labours leading to the 
establishment of the metrical System of toeights and measures, tohidi in its tum re- 
sulted in far-readiing impronements in the construction of appliances for toeighing 
and measuring, astronomical and suroeying» physical und diemical Instruments. 

In 6ermani)* it is onli) uiithin the last twenty or twenty-fioe years that the State 
has espoused the interests of the home industry in scientific Instruments, but sudi 
haoe been the efforts and the results that the position has, at a bUno, as it were, 
dianged in faoour of 6ermany. £oery possible encouragement uias offered and great 
Problems uiere created by the nrpenditure of the 6erman gooemments, uiithin the last 
thirty years, on art and science, the establishment of numerous large physical and 
diemical laboratories, the erection and the nrpansion of old obsematories, the requi« 
sition of greatly improned suroeying and astronomical Instruments. 6reat progress 
resulted from the introduction of the metric System in the construction of eiract uieights 
and delicate balances and, in compliance uiith the requirements of modern meteoro- 
logy, led to oast improoements in thermometry and barometry. the deoelopment of the 
6erman naoy created a great demand for nautical Instruments. All these infiuences 
roused the productioe pouiers of the nation and success has not been uianting. 

Soon also the necessity was recognised of the döse co-operation of the scientists and 
practical men. Rccordingly, in 1879 seoeral scientists, medtanicians and opticians united 
in Berlin and formed the nucleus of the 6erman Association of Mechanicians 
and Opticians, whidi uias formed in 1881 and embraced the whole 6erman Em- 
pire, haoing for its object the scientific, tedmical and commercial deoelopment of 
philosophical Instrument making. the official organ of this Society, the Zeit- 
schrift fflr Instrumentenhunde, uias liheuiise founded in 1881 and is denoted 
to the theoretical and practical deoelopment of scientific Instruments. Specialized 
schools uiere establlshed, first in Berlin, then in Frankfort-on-the-Main and sub- 
sequently in many other touins, uihere saoants and practical men are combined in 
training the rising generation in the theoretical departments of the subject As a result 
of these serious scientific aims, 6erman medianicians and opticians sought in ttieir 
laboratories and Workshops the assistance of scientists, and at the present time the 
majority of the leading 6erman firms retain one or more efperienced mathematicians 
or physicists in their permanent semice. 

the greatest share of the Impetus gioen to the manufacture of scientific Instruments, 
howeoer, is due to the Imperial Physical and Technical Institute, uihidi loas 
established in 188T. the first, or scientific, department of this important institution 
is deooted to purely physical researdt, uihilst the second, or technical, department 
deals uiith matters conceming the construction of philosophical Instruments, this in- 
stitution has already done great seniice and a large proportion of recent progress is 
due to its stimulating and helpful infiuence. 
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Sedng hoto comprehenstoe and systemaHc are the efforts brought to bear upon the 
art and science of instrument-construcHon, it \s not surprising that in this depart- 
mf nt 6ermani| occupies noto a foremost position. this fact toas alreadi) ap- 
parent on the occasion of the Untoersal Cirhibition of 1888 at Brüssels, eoen more 
strikingli) so at the Uorld's Cotumbian Cirhibition at Chicago in 1893, and remarkable 
adiieoements toere shoum bi| the combined members of the 6erman Association of 
Tledianicians and Opticians at the Berlin trades Cirhibition of 1896. 

Rfter loitnessing this steadi) deoelopment of our medtanical and optical trade, toe 
caiinot but look toith conRdence and gratification upon the practical demonstration at 
the Paris Centenari) Cirhibition of the ftourishing State of the scientific Instrument 
trade in 6ermani), and a diaracteristic feature of the latter is the unity of its aims, 
uihtdi is traceable to the history of its deoelopment and its intimate connection uiith 
pure science. 1t appeared, therefore, desirable to depart from the usual custom of 
grouping the eihibits under oarious firms and rather to place them into sections^em- 
bracing certain classes of Instruments so as to demonstrate on broad lines and as a 
u)hole, within a well arranged though Condensed area, the present position of 6erman 
medianical and optical art 

the Joint Cirhibition of 6erman Mechanicians and Opticians is, accordingly, 
subdioided into the foUouring sections:-^ 

I. Metrological and Standardiiing Instruments. 
II. Rstronomical Instruments. 

III. Suroeijing and nautical 1nstruments:-^a. 6eometric Instruments, 
b. Suroeiiing, mining and efploring Instruments, c. nautical Instruments. 

IV. Meteorological, 6eo-magnetic, thermometric and Calorimetric 
Instruments. 

V. Optical 1nstruments:-^a.PhotometricainppUances, b. Spectroscopes and 
Optical Measuring Instruments, c. Microscopes and their audliaries, d. Photo- 
micrographti and Projection, e. Photographic Ojectioes, f. Hand-telescopes and 
terrestrial telescopes, g. Cn|stalloptics, Rppliances for demonstrating and 
obseroing the Phenomena of Cight 

VI. Clectrical measuring Instruments for Scientific Purposes. 
VII. Clectro-medical, Physiological and Biological Instruments. 
VIII. Rppliances for Chemical and Chemico-pht|sical Research, Cabora- 
tory and Cducational Rpparatus. 

IX. Drawing and Calculating Rppliances. 

X. Rppliances for the Ciramination of Materials and for Special 
Purposes, Special Tools and Ruariliaries. 

FoUoioing the plan of grouping the eirhibits into sections according to subjects of 
applied science, it mai| be profitable to append a Short sketdt of the present position 
of philosophical instrument-mahing in 6ermani). 
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I. 6erman medianictans found themsetoes for the first time in thdr histoni facf 
to face toith a task of sotne magtiitude tohen called upon, sotne sfoenhi ytdirs ago, to 
conshitct metrological and standardiiing appliances for the purpose of deter- 
mining, under the direcHon of the great astronomer Bessel, the Standards of thf 
old Prusslan sijstcm of measures. Substquentlij, the medianlcal arts receioed an Im- 
portant impetus through the introduction of the tnetric System in general and the in- 
fiuence and requirements of the Standardiiing Commission in particutar. the 
numerous inducements and hints tohidt 6erman medtanicians haoe receioed from the 
Standardiiing Commission haoe enabled them to effectuallti co-operate in the 
introduction of the metric System both in and outside 6ermant|. Opporhmities pre- 
sented themseloes for the construction of x>€r^ eiact comparators, dioiding engines, 
terminal and dioided measures, batances of the highest degree of predsion, &c.; and 
u)hile acquitting themseloes of these tashs, 6erman medianidans haoe both leamed 
and accompUshed mudt. R considerable portion of the equipment of the Bureau 
international des poids et mesures has proceeded from 6erman Workshops, 
the adiieuements of 6ermani) in the department of metrological Instruments and ap- 
pliances are prominently demonstrated u)ithin the Joint Cirhibition of Medtanicians and 
Opticians bi) the Special £irhibits of the Imperial Tlormal-Richungs-Kommis- 
sion (Office of Standards). 

II. From the measures, the indispensable fundament of all eiact researdi, wt pro- 
ceed to the astronomical Instruments, this department is necessarihi at a dis- 
adoantage inasmudi as the largest and most costly Instruments, the large refractors, 
can onlt| be eirhibited under x>€r^ special circumstances. Hitherto 6erman telescope- 
mahers haoe supplied large refractors almost eirclusioelti to countries outside 6ermani|, 
but in this respect they haoe actioely competed u)ith other mahers. Recently they 
haoe been gioen an opportunity of prooing thdr pouiers in the construction of the 
neui Potsdam refractor, whidi is not only one of the largest Instruments in £urope, 
but also the first large telescope built for a 6erman obseruatory, and the results haue 
been brilliant indeed. In the main, the 6erman mahers haoe deooted thdr attention 
to the construction of medium-sized and smatt ash^onomical Instruments, refradors, 
transit-circles, altitude drcles, heliometers, &c., but with sudt success that, as re gards 
the precision and delicacy of the indioidual parts of the Instrument, 6ermany Stands 
noui unrioalled. Recently great progress has been made in the construction of astro- 
nomical objectioes. the first optician uiho broke the ice in the important department 
of optical glass smelting uias a 6erman, to uiit Fraunhofer. His untimely death 
uias foUouied by a long period of Stagnation, and the limits of the possible u)ere soon 
readied when attempts were made to construd oery large objedioes, at least as far as 
the optidan's art uias concemed. Rbout twenty years ago, Prof. Rbbe and Dr. Schott, 
of Jena, resumed the thread uihere Fraunhofer had left off, and they succeeded in 
producing the old crouin and fiint-glasses in sudt perfedion that the dtromatic differ- 
ences of spherical aberration can be compensated almost completely. this led to great 
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imprmtments in tolescope tenses, and at the samt time the Jena 61ass Uorhs haoe 
become so producKoe as to enable 6trman opHcians to cooer thdr entire demand in 
6ermani|. 6reat progress has also been made in sudi an important brandt of manufac« 
htre as that of spirit-lcoels. not onli| are tite finest spiriMeoels incontestabti) made in 
6ermani), but, in addiHon, the Imperial Physical and tedmical Institute has success- 
fuUi| inoestigated the causes of the fbnnation of deposits mithin the teoels. Mediani- 
ctans possess noto a readi) means of detecting glass Uable to deterioration and haoe 
no difflculh) in securing suitable glasses. 

III. the third section, comprising geometric and nautical Instruments, in- 
cludes also those Instruments whidi form a connecting Unk betuieen astronomy proper 
and the land-suroetjofs art, L e^ those astronomical Instruments whidi are employed 
for geodetic measurements. Manti improoements in this group of Instruments haoe 
emanated from 6erman Workshops and haoe had their origin in the requirements of the 
International Suroey and espedallti the influence of the 6eodetic Institute and its 
present director, Dr. Helmer t. Wt may here mention the conoersion of the friction- 
roUers of transit Instruments inh) a balance beam, so as h) completeli) compensate 
the errors of coUimation. We mai) also refer to Repsold's mode of fitting transit 
Instruments so as to almost entireli) neutralize the personal equation, and equalli) 
important are the improoements in lenith-telescopes and spirit-leoel testing appliances. 
rtie geophi|sical inoestigations of the International Suroeii haoe gioen birth to the most 
sensttioe Instrument of our times, the horizontal pendulum, uihidt owes its origin 
and deoelopment to 6erman scientists and medianicians. the study of the mooements 
of ttie oceans has recentli) been facilitated bi) greatli) improoed Instruments, the most 
pcrfect of uihidt are those of Seibt-Fuess. Remarkable progress has in late years been 
made in the construction of suroet|ing Instruments, the requirements of suroeyors 
and engineers haoe readted sudi a high stage of deoelopment that they could not fall 
to beneficialli) affect the construction of theodoUtes, leoelUng Instruments and tadieo- 
meters. the manufacture of suroeying Instruments is carried on in 6ermant| on a 
neni eitensioe scale, and the reputation of these Instruments has obtained for them 
a Wide marhet all ooer the uiorid. Considerable improoements haoe also been made 
in smatt compactli) built suroeying Instruments, uihidi haoe been requisitioned by 
numerous 6erman nrpiorers. Rs the natural outcome of the deoelopments of the 
merdiant seroice and the creation of a powerful naotj« considerable attention is paid 
to the manufacture of nautical Instruments. 1i9hereas formerli) 6ermani) depended 
for these accessories of naoigation upon other countries, England in particular, at the 
present time all nautical Instruments are manufactured at home equalli) wAU in some 
respeds eoen better than abroad. 

IV. the deoelopment of the meteorological Instruments and the appliances 
for measuring temperatures presents a typical Illustration of the close connection 
between theoretical science and manufacture in 6ermani|. this applies in particular 
to thermometers. Rbout turnity ytäxs ago the manufacture of thermometers had come 
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to a dead stop in 6ermant|> thermometers being then inoested toith a dtfect, their 
Uabtlihi to periodic changes, tohidi scriousli) endangered 6erman manufachirf. 
Comprehensioe inoestigations toere then carried on bi) tite normal-Ridiungs-Kommission, 
the Imperial Physicat and tedinicat Institute and the Jena 6tass 1i9orhs and after 
mudi labour brought the desired retoard. Chemical analysis in conjunction toith care* 
füllt) managed glass smeltings and pracHcal tests shotoed that pure potassic and 
pure sodic glasses possess those defects in the least degree, uihereas glasses con- 
taining both alkalis are subject to periodic dtanges to sudt an eftent as to render 
them useless for thermometric purposes. the last outcome of these int^estigations 
u)as the production, at the Jena 6lass 1i9ortis, of an eircellent sodium glass, tohidt 
Shows depressions of not more than 0*1'' per tOO^ Recentlt) a boro-silicate glass 
has been prepared whidt shou)s a mafimum depression of onlt) OOS"" and possfsses, 
moreot^er, the important property of orcellentlti agreeing uiith the htjdrogen thermo- 
meter. the adoantages whidt may result from these discooeries to meteorology as 
well as the physical, dtemical and medical sciences, are obt^ious. the tedtnical arts 
too haoe benefited by discot^enj. 1i9ith the aid of the new glasses and the inoention 
of a process by whidt mercurt) is kept in the thermometer under a pressure of front 
20 to 25 atmospheres, thermometers hat^e been constructed for temperatures up to, 
and beyond, 5W C, as far as the region of incipient red heat, and reading accurately 
to 7,0^ In consequence of these systematic efforts the tnanufacture of thermometers 
has readted in 6ermant| an unprecedented letiel, and noui got^ems the marhet of tlie 
World. 6erman thermometers are purdiased eoenitohere toith particular confidence, 
as thet) can be suppUed with official certificates. the Thermometer testing Institute 
of Ilmenau earamines annuallti about 40,000, and 16,000 are annuallti tested bt| the 
Imperial Physical and tedtnical Institute.-^erman barometers, mercurial as toell 
as aneroid, enjot) a high reputation and are eoert|tohere esteemed for their delicate 
worhmanship and reliabilih|. the aneroid-barometers, whidt haoe obtained increased 
importance through the requirements of efplorers, are tested bt) the Imperial Physical 
and tedtnical Institute toith respect to their Uabilitti to periodic dtanges. the mertts 
of the 6erman self-registering Instruments of the Sprung-Fuess ttjpe, thermo- 
graphs and barographs, anemometers and rain-gauges are so weil hnoton that thei) 
need no further comment. these eircellent ittstruments are used in all the meteoro- 
logical obseroatories of the worUL Finallti, attention should be draton to the Pyro- 
meters and calorimeters, whidt haoe also been considerablt) improoed in recentyears. 
V. £ike the medtanical arts, optical construction has made great and rapid progress 
in 6ermant). In this connection it is our gratifying duty to mention the natne of 
Abbe, whose master-mind has had a profound influence upon the deoelopment of 
6erman optical science and manufacture. Rbbe's earliest great merit is the elttd- 
dation of the theory of the microscope, by whidt he has placed microscopical optics 
upon an entirely new basis. 1t is also dtie to his efforts, in conjunction with ttwse 
of Dr. Schott, the head of the Jena 6lass Uorhs, that numerous optically oaltuble 
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gtasses haoe been rendered aoaitable for the purposes of opHcal conshiiction and that 
tnanii difflcutt problems haoe noto been sotoed. the nno Jena phosphate and bannte 
gtasses haoe led to many impronements in microscopical opHcs. Wt need onli) refer 
to the Zeiss Rpodtromatic objecHoes, tohidi, in conjunction toith the compensating 
eyepieces, ^kU a mudi more perfect correction of the diromatic and spherical aberra« 
tions than toas preoiottsli) attainable. Wt beliene that toe are not going too far bi| 
sai|ing that h) Prof. Abbe is due the loorld-toide fame of 6erman microscope con- 
struction. this reputation is not limited to the microscope itselT, but all its accessories, 
and embraces also microtomes, photo-micrographic and projection appli- 
ances and, in particular, Photographie objectioes, the construction of tohidi has 
undergone toonderful dtanges since the introduction of the Jena glasses. the enor- 
motis ^encies of modern artificial Illumination has gioen rise to many improoe- 
ments in photometri). In this department the path has been smoothed bt| the 
efforts of the Imperial Pht)sical and tedinical Institute, and photometers are noui 
made b^ whidi the intensity of a luminani can be measured uiith a degree of accu- 
racy urithin V, per cent. the result is that 6erman photometers enjotj a predominant 
popularity.-^ermani), the cradle of spectrum analt)sis, occupies naturallii an important 
Position in the manufacture of spectrum appUances. the construction of these Instru- 
ments, oanjing from the largest and finest spectrometers for astronomical, physical 
and diemical researdi, to the smallest hand spectroscopes, employs a large number 
of establishments. the same applies to the manufacture of polariscopic appli- 
ances, uihidt haoe a uiide reputation and command a particularlii large market in 
ttie sugar trade.-^Tlo less importance attadies to the optical measuring Instru- 
ments designed for the special requirements of physicists, diemists, mineralogists, &c., 
totiidi are made uiith astronomical precision, so as to satisfy the highest eirigencies 
of modern researdt. Rmong these uie may mention the crystalloptic Instruments and 
those for studijing the theoni of the nature of Ught.-^ln the construction of tele- 
scopes 6ermani) has, in addition to general improoements, adiieoed a triumph, whidi 
has gioen her a great adoantage. Wt are referring to the neu) form of binocular 
tflrscopes, in u)hidi, bi) the interposition of prisms, the dimensions of terrestrial tele- 
scopes are reduced to their lou)est limits, u)hile, at the same time, the defining pouier, 
Ugtit-gathering power and the stereoscopic effect is greatlt) increased as compared with 
the older types. the inoention of these telescopes has created a uiide demand in the 
armi| and naoi)- ^^ considerable too is the industni in optical auiriliaries, prisms, 
quartz and calc-spar preparations, &c^ in whidi 6ermani| eircels both in quality and 
productioeness. 

VI. Ihe manufacture of electrical measuring Instruments for scientific 
purposes has, in 6ermani)t kept pace with the great strides made in electrical engineer- 
ing. n number of prominent firms applii themseloes to this tedinical brandi and haoe 
made themseloes a good name. this industni has likeuiise profited bt| the funda- 
mental labours of the Imperial Phtjsical und tedinical Institute, in particular bi| the 
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establishment of Standards and bt| important inoesKgations. Wt mai) htre mention 
the introducHon of neto resistence materiais, catled manganine and constantan, 
tohidi are not affected bi) dianges of temperature and are noto introduced bi) nearUi 
all 6erman firms occupied toith the manufacture of electrical measuring Instruments. 
Mention should also be made of the toorh accompUshed in Standard cells, tohidi facilt- 
täte the application of the so-called methods of compensation for accurateli) measuring 
the strength and £. R F. of electrical currents. this Is, therefbre, another department 
uihere the influence of scientific researdt has been feit in practical manufacture. 

VII. Clectro-medical appliances are also made in6ermani| and eirported abroad 
in oert) large numbers. the grouiing application of the electric current as a curatioe 
agent in Operations and for the Illumination of internal caoities of the human bodi| 
haoe caused this department of industni to deoelop considerablii both tedinicallv and 
commercialli). to this group of appliances belong the oarious kinds of Roentgen 
rat) apparatus, uihidi are made and eirported in stupendous numbers. 6reat importance 
attadies also to the manufacture of physiological and biological Instruments, 
uihidi engages the attention of seoeral prominent firms. 

VIII. the manufacture of educational appliances has grouin in proportion to 
the deoelopment of the methods of practical demonstration in elementar^ as well as 
intermediate sdtoois and tedtnical Colleges, the 6erman Output of educational appli- 
ances has at present readted a truli| astounding magnitude. this is mainli) due to 
their dteapness, simplidhi and their suitable size. the laboratori) appliances 
required for scientific inoestigations comprise naturallii the finest and costUest 
Instruments made. 

IX. Ihe manufacture of drauiing and calculating Instruments empkn|s a 
large number of 6erman medtanicians. Circellent drauiing Instruments and other ap- 
pliances for drauiing, cartography, &c are nrported to all parts of the uiorld. 6erman 
medianicians haoe Ukeuiise succeeded in considerablii improoing thomas's old cal- 
culating madiine. 

X. In addition to purely scientific Instruments, a oery large number of appliances 
are in constant requisition for special industrial purposes, and mani) a media- 
nician finds constant employment in this department. Besides, mudi thought and 
skill is brought to bear upon the needs of medianical Workshops. Formerlt) eoery 
medianician made his ouin tools, and in mani) instances this is still done. VUmf 
dianges haoe, houieoer, been uirought in this respect bt) the influence of the American 
System of manufacture, in uihidi, it should be added, 6ermans haoe a considerable 
share. Prominent medianicians and engineers began to deoote themseloes more or 
less eirclusioelt) to the manufacture of special tools for philosophical Instru- 
ment making, and noui form an important independent brandi of industry. 

In conclusion, uie haoe to draui attention to the separate eihibition of the Imperial 
Phijsical and ledinical Institute, uihidi could not be mortised into the general 
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plan of the Joint &rhibiHon. The aims of this Institute, the greatest of its hind in 
the loorld, haoe alreadi) been efplained. Ihe eirhibits of the Institute serue to illustrate 
in a concise form seoeral spheres of its actioity. 

The commerdal importance of the medianical and optical trade of 6ermant| is com- 
mensurate toith its reputation, as uiill readilt) be seen from the following table 
shoioing the empört of scientific Instruments during 1898:-^ 

^\£^^^ üalue in Warhs 

Rstronomical, optical, mathematical, pht)sical and elec- 

trtcal instruments 218,900 8,9T5,000 

Raul optical glass (flint and crouin) 124,900 625,000 

Optical glasses (spectades, reading-glasses, stereoscope 

glasses) 224,200 3,199,000 

terrestrial tdescopes, field-glasses,opera-glasses, mounted 

spectacles, &c 55,900 1,526,000 

total 601,900 14,265,000 

Ihe erport has been trebled toithin tO ijearsl 

Rnother measure of the magnitude of the medianical and optical trade of 6ermani) 
mav be obtained from the number of manufacturing establishments and their emploij^s. 
These are at present as follows:-^ 

nähere er «anurach.« eJS^J^s """SpÄyST"" 

Rstronomical, optical, mathematical, physical and 

electrical instruments 500 9,200 

eiass-blouring, glass instruments, glass thermometers 125 1,TT3 

Optical instruments, spectacles, reading-glasses ♦ ♦ ♦ 185 2,652 

total T90 15,625 
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L Netrological and Standardizins Instruments. 



t. Imperial Hormal-Ridiungs-Kommifflon, Berlin. 

(Imperial Office of Standard Ueights and Measures.) 

the Imperial Offtce of Standard lOeights and Fleasures was insHhtted b^ ArHcle U of Hie Uno of Hie 
tlth of AuQust t$6$ relaHng to the loeights and measures of the north 6erman ConfederaHon, lohidi b^ 
$ 2 of the laio of the teth of April tSIt conceming the consHtution of the 6erman Empire became Im- 
perial lato, this Office is composed of a permanent staff and a committee, meeting annually or at 
shorter interuals according to erigencies, of eminent authoriHes on theoreHcal and applied science. 
the Office is presided ooer by a director and includes at present amongst the members 9 ßonem- 
ment councillors, 24 tedmical officials and about 10 clerhs. A neio official building prooidino space 
for 90 Offices is in course of erecHon. the Office is maintained at an annual erpenditure or Marks 

110,000 (£$500). 

the loork of^the Office is subdioided in three sections, knoion as the ScienHfic, Standardiiing and 
&cise Departments. 

Upon the ScienHfic Department deuoloes the task of permanentli| safeguarding, in Oermany, ttie 
fundamental metrological data for the determination of toeignts and measures of length. this is mainlv 
effected by conHnuous comparison of the Standard weiahrs and measures in the possession of the Office 
with their official prototypes and bu Controlling the Standards of ercise Offices as well as those possessed 
bu ScienHfic and tedinical institutions and efecutioe authoriHes. In connection with these duHes, the 
Office aids in the deoelojpment of the appliances and methods aoailable for scienHfic rtst^rit, Tor this 
purpose the Imperial Office of Standard weights and Measures is pronided with a complete eauipment 
of the finest measuring Instruments, sudi as comparators, balances, 9iC^ some of whidi loill oe found 
among the efhibits. 

the Standardiiing Department attends to all matters concemino the tedinical side of the quesHon 
and is responsible for the uniformity of the methods of standardiiing throughout the Empire, this 
department also issues detailed orders respecting the regulaHon of weights, measures, balances and 
gauges, gasmeters, alcoholometers, hydrometers, sacdiarimeters, fiuid measuring appliances, diemical 
measurino apparatus, ac. the scope of its duHes includes also the preoaraHon and dishibution of 
the Standards to the &cise Offices of the Empire and the reaulation of the methods of tesHng, as 
loell as the task of ensuring uniform compliance with reaulanons respecHng weights and measures. 

the worh of the Ercise Department aims at the establishment and permanent maintenance of the 
requisite degree of conformity between the tedinical appliances employed by the customs and ercise 
authoriHes and the methods followed in their application. this worh comprises the cerHfication of 
the appliances used for testing spirits, sptrit methylators, oinegar, liqueurs, fruit juices, ethereal oils, 
ertracts, diluted toines, musts, ac; it also embraces the attestaHon of the spirit measuring appliances 
employed in spirit distilling and the issue of the requisite tedinical insHiictions and tables. 

t. UniDersal Comparator. this InsHument has been made by KansKeele and X lOanschaff, 
of Berlin, and consists of two separate parts, one of tohidi is for the purpose of comparing measures 
haoing a length of one metre, white the other is aoailable for comparing measures not erceeding four 
metres in length. 

the microscopes are immooably mounted upon bridi-pilars built upon independent foundaHons and 
cooered with slabs of sandstone. the measures whidi are to be compared together with the troughs 
carrying them are successitely placed under the microscopes. the troughs rest upon carriages and 
can be adjusted by ertemallu accessible micrometer movements in a longitudinal and transoersc di- 
rection, as well as raised and lowered. 

An enHrely neio feature is the arrangement for erdianging the measures. the carriages are drh)en 
elechlcally and run upon rails, the badiward continuaHon or whidi lead to a tum-table situated in the 
centre of the comparator room. the posiHon of two carriages is thus reoersed by tuming this table tso*. 
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RU moofmftits are accomplished autonuHcally from crtemal points. An elechro-magneHc distatice 
pointer indicates the posiHon of hoo carriaaes and thdr oract position is recorded b^ signaUing dmices. 
the gcneral arrangemcnt of the comparafor and i\s appartenances is shoton b^ a Vi füll siie model, 
^^^. the onginal construcHon bdng represented by the 

bridi-piliar of the comparator toitn the microscope 
foundations and one of the carriages. 

In addition to the usual ocutar micrometer micro- 
scopes the equipment of the apparatus includes spe- 
cially constructed photo-microaraphic appllances, by 
means of tohidi the terminal lines of eadi of the mea- 
sures can be photoaraphed successioelv on the same plate, 
theretni entirely elinunating inaccuracies arising from 
the efncts of heat radiatina from the evperimenter's 
body. the retatioe lengths or the rods is determined by 





Tig.t. 



Tig.1. 




mlcrometric measurement of the photograms. One of the photo-microscopes will be found amono the erhibits. 
Tig. 1 shotos the construction of the microscopes and the Rttings serotng for their adjustment. Tig. 2 
rtpresents a portton of the carriage toaether toith the adjustmenfs of the trough. Tig. 5 is a diagram- 
matical nteio of one side and the middle of the tum-table and its tuming gear. 
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the Imperial omce of Standard lOeights and Fleasures 
subject of ahtmtiy (Ine measurements of length:^ 

t. Fletronomisdier Bettraa Tlo. 5, Zur 6eschichU 
und Kritik der loisenmaasssUbe oon 
CT. 10. Peters fKistory of and critidsm on the 
toises measures bu C. T. 10. Peters), Berlin Ut5, 
published bu Terd. Dümmler. 

2. tOissensdiafrlidie Abhandlunoen Ylo. 1, II, Ueber 
den Anschluss des älteren Urmaasses 
und der Kopien desselben an das neue 
deutsche Prototyp für das Fleter (On the 
relatton of the old Standard measures and their 
copies to the neto 6erman prototype of the metre), 
Berlin t$9$, published by Julius Sprinoer. 

3. Flittheilungen der Kaiserlidien normaUAichunoS' 
Kommission füransactions of the Imperial Ofnce 
of Standard lOeights and Fleasures), Berlin, pub- 
lished by Julius Springer:^ 

a) t.Series Ho. t, thermisdie Tladiwirkungen 
bei Metallen (Secular ther- 
mal dianges in metals). 



has published the foUowing worhs on the 




Flg. 4. 




Fig. 5. 
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b) t. Series Tlo. 4, BeugungsgiUer aumeUU unter starker Derorösserung fDiffraction grat 
ings on tnetal shoton under hiah magniftcartons). 



c) l. 



e) l. 

f) t. 



g) t. 



h) I. 



' t, Cinfluss der Teuditigkett auf die Cängenausdehnuno oersditedener KoU- 
arten (The influence of moisture upon the longimdinal eipansion of 
oarious spedes of wood). 
9, Material der feineren Maassstäbe (Material for flne measuring rods). 
9, 6lasttsdie und tbermisdie Tladiwirhungen bei Metallen (6lastic and ther- 
mal secular dianges in metals). 

10, Die Bexiehunoen der metrisdien, der altfraniöslsdien und der englisdien 
Cängeneinheir lu einander (Tlie relations of the metric, the old Trendi 
and the Cnolish units of measure). 

tS, Erste periodisdie Prüfttna der Kontroinormale der £ängenmaasse fFirst 
periodtcal eramination or the Controlling Standards of the measures of 
length). 

24, Ueber die Tehlerangaben fQr Maassstäbe, weldie der normal- Aidiungs- 
Kommission zur Prüfung oorgeleot werden (On the defects of measurmg 
rods submitted to the Imperial Omce of Standard lOeights and Measures 
for oerillcation). 




rig.6. 
2. Rpparahis for measurina the tttidiness of hudrometers, loedges, qjUnders, &c. 

this apparatus, constructed b^ C. Reich el and K. Keele, or Berlin, was orioinallii designed for the 
accurate determination of the cross-section of hydrometers at oarious points or their graduations, but 
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\s aoaiUble for nunii other uses. Ihe apparahts consists of a qiUndrical guide-rod upon tohidi traoels 
a sUde-blodi, a second q^lindrical rod keepina the latter from himing. the sUde-blodi Supports hoo 
contact cylinders tohidi readilv mooe at right angles \o the tradi of the slide-blodi. These qilinders 

are fttted toith knire-edges 
of sapphire and tnicromerer 
scales. the tatter Ue side 
bu side tohen the hnife- 
edges toudi, but thev are 
displaced tohen a hudro- 
meter tube is placed be- 
ttoeen them. the amount of 
the muttul displacement is 
equal to the diameter of the 
tube and can be measured 
accurately within 0*0001 mm 
by means of a micrometer- 
microscope mounted abooe 
the scales on the side-blodt 
the tubes whidi it is re- 
quired to measure are ptaced 
parallel to the directton of 
motion of the slide-blodi in 
sudi a manner that they 
can be tumed round their 
oumares. Tor this purpose 
the frame is lltted at one 
end with a unioersally 
adjustable holder. A nooel 
feature of this apparatus 
consists in the frictionless 
movement of eadi of the 
contact cylinders on four 
balls of agate eadi of whtdi 
rolls upon the sides of tioo 
culinders. the whole of 
tnese balls are made to run 
on three truly parallel sttd 
culinders mounted upon the 
sfide at right angles to the 
movement of the latter. In 
riQ.4 C represents these steet 
culinders, k the balls and 
Kthecontact-culinders. nie 
mooements of nie sUde-blodi 
and the contact-cylinders are 
effected b^ special deoices. 

rigs.$and6illustratenic 
entire apparatus from dif- 
ferent aspects. 

the first apparatus of this 
kind euer made is described 
in the Fletronomisdicr Bei- 
trag no.T, "Ueber die Be- 
stimmung oon Rräo- 
metern** (On a method 
of testing hydrometers) tni 
Dr. B. Ifeinstein, Berlin 
USO, published bv Julius 
Springer. 

3. DerHcal Compara- 
Tig.T. tor. this comparator lus 
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been cotistructed bv R. Repsold & Söhne, of Hamburg, and strves for comparing dinided measures and 
measuring pendulums in a nerHcal position. U loiU bc seen from Tig. 7 thar i\ consists of hoo separate 
parts mounred upon one pillar, nU: the micrometer htbe toith \\s microscopic reading appUances and the 
carrier of the measures under comparison. R new and disHnctine feahire of this apparahis consists 
in the optical and micrometric fittings. 

Ihe micrometer tube can be made to rotate on its oertical aies and carries at its upper end a mi- 
crometer in conjunction with an objectioe haoing the plane of its image coincident wtrh that of the 
crosS'Unes. Rnother optical combination consisting of an objectioe and pr(sm shows the terminal lines of 
the dioided sections under comparison side by side In the micrometer. ihe distance betioeen both Images 
of these lines can be measured micrometricallv and is eoual to that section less the distance between 
the optical combinations referred to. Ihe upper combination is permanentlv attadied to the micrometer 




Tig.S. 



and together with it can be raised or lowered 20 mm; the lower combination can be mooed and adjusted 
wtthin the tube at distances of 0*25, 0*5, 0-75 and l m from the upper combination. 

Tor the purposes of measuring the micrometer the casing is mooed bu means of an adjustina screw 
so as to cause a fii ed pair of cross-lines in the casing to coincide with the image of one of the dioision 
lines. R mooable pair of cross-lines is then, bv means of the micrometer measuring screw, made to 
coincide with the otner image of the dioision line, and the position of the micrometer drum is then noted. 
Rfter tuming the micrometer tube the process is repeated for the second rod. 

Die carrier of the rods consists of a mooable sole-plate surmounted by a cast iron sleeoe the planed 
stiding surfaces of whidi are fitted with mooable and adjustable bearings adapted for the cvlindrical 
end-joumals of the rods. Ihe weight of the rods can be tahen up bv means of two levers fitted to 
ttie itpper end of the carrier. Ihe sole-plate can be fitted with a watertight cylindrical jadiet whidi is 
not sfioum in Tig. 7. Ihe holloto part of the sleeve contains a stirring helir worked by a crank, so as 
to render the apparatus aoailable for the measurement of immersed rods. 
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4. Congihldinal ScretO Comparator. Ihis comparator has been tnade bi| Sommer St Runge, of 
Berlin, for tesHng the oraduaHons of thermometers, hvdrometers, Ac. U consists of a carrier (Itted 
toith hoo micrometer mtcroscopes and sliding upon cylindrical rails, movement being imparted \o i\ by 
a screto haoing a pitdi of t mm. Ihe latter is fitted toitti a drum dioided into tOO parts and is adapted 
for measurements the precision of wtiidi do not erceed 00 1 mm. lOtien measurements requiring a 




ri8.9. 

tiigtier degree of precision are to be made this screw merelv seroes to impart a slow movement to the 
slide; in addition, the screw-nut can be ttiroton out of gear entirelv- the actual measurement is 
effected bv means of the e^epiece micrometer. One of the microscopes can, moreooer, be mooed a distanct 
of 5 cm on separate cvlindrical guides bu means of a measuring screw. the measures whidi are to be 
comjpared are placed upon tioo plane cast iron tables whidi can be raised and lotoered. 
ng. S Shows the entire apparatus together with an Instrument whidi is being tested. 
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5. Kleasures of Cenoth. 

a) Standard KUfre Bronze Bar, made bi| C. Reiche l, of Berlin, the rod ts Square in secHon, 
i\ has q^Undrical htmed ends and is fitted toith rigidlv mounted sapphtre cones. the 
latter are poltshed by means of a madiine spectally constructed for thts purpose, as described 
tn£oetoenheri's publicationentitled, '*Die wissenschaftlichen Instrumente auf 
der Berliner eewerbe-Russtellung l$79'' [The Scientific Instruments shoton at the 
Bertin trades Erhibition of tS79), Berlin, published by Julius Springer, the ends of 
the sapphire cones are parallel and at right anales to the afis of the rod. the distance 
between their centres constitutes the length of the rod. 

b) Standard Measuring Steel Bar, 3 m long, tlie rod and its ends are prepared as in the 
preceding case. In me centre the bar is bored and fitted in the neutral zone with a small 
Qlass dish haoing an auiiliary scale ruled upon it. the latter seroes to deduce the total 
length of the one metre rod. 

c) Scale dioided mithin the neutral lone. the bodv of the scale is made of steel and forms a 
I — I in section. the surface luing mithin the neutral zone is plane and finelv polished, and 
the rod is thidilv nidieled. the dioisions are oeru fine and ruled upon the nidiel coating 
bv means of diamonds. During the process the rormation of burrs has been carefuUv 
aooided so as to eliminate the necessity of subsequent finishing. the lines are 9 to 4 /< 
thidi and free from ambiguity. 

6. Uacuum Balance, made in IS94 by P.Stückrath, of Friedenau. 

this balance seroes for the purpose of comparing weights of 300 g to l ka and is mainlv employed 
for weighing demanding the highest degree of accuracy. the beam, suspenders and cross-stirrups are 

of gilt brass; the knife-edges are of 
steel resting on agate planes, the ba- 
lance rests upon a solid brass plate 
upon whidi is placed an airtight copper 
bell fitted with a small glass plate in 
the top and Windows at the sides. 
this copper receioer takes the place 
of the bell olass conerino the erhibit. 
the plate is ritted with sruffing-bores 
through whidi are passed mooing rods 
whidi can be manipulated by the 
erperimenter 9 m awau. these rods 
are fitted with suitabfe transmitters 
by means of whidi all necessary 
mooements can be effected, sudi as 
the rotation, elevation and depression 
of the carrier, release of the beam 
and the suspenders, and the manipu- 
lation of the weights. the carrier is 
so arranged as to be aoailable for com- 

fiarina two pairs of weights. the addi- 
ionalweights are placed beloto upon 
the pans by means of radis, and when 
not in use hang upon levers whidi 
can be lodied and released at pleasure 
bu means of the side-rods. the interior 
of the balance is fitted with two 
thermometers and a hair hyorometer. 
the balance mau be connected with 
an air-pump. tne readings are taken 
in the usual manner bu means of 
a prism and telescope f(tted with a 
scale. Tig. 9 shows tne entire general 
arrangement of the balance. 

R similar balance emploued for the 
comparisons with the orotonipe is de- 
scribed intlo.!,!!! of thelOissensdiaft- 
lidieRbhandlungen, ''lieber den Rn- 
schluss des älterenllrgewichts 

McdMsics m4 Of Hcs. 2 
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und der Kopien desselben an das deutsche Prototyp für das Kilogramm** (On the rcUtioi] 
of the old Standard weights and their copies to the new 6erman prototype of the Kilogramme). 

7. Balance fitted with apparatus for automatically interdunging and adding wdghts, made bi||« 
P. Stückrath, of Triedenau-Berlin, for the determination of masses from 10 to 35 kg. 

the beam and suspenders are made of brass, the pan-radis of partinium, the hnift-edges of sted and 
the planes of agate. the degree of sensitiveness Is determtned automaticallv bv ertemallu unniied . 
riders. Ihe arresting devices for the beam, the suspenders and weight supports are raised and towered I 
by a rod projecting t m from the case. the necessani movement is effected by drawing a wedge badi- ' 
wards and fonoards. Ihe deflections of the pointer are read by a telescope at a distance of I m. Ihe 
carrier and weight supports are made in the form of a grating so as to render the balance aoailable 
for ertremelv fine Compound uieighing by automatic interdunge without the use of plates, whidi other- 
wise would double the necessani number of Operations. 

8. mUlioramme Balance, made in tSZS by P. stückrath, of Friedenau-Berlin, for the deter- * 
mination of masses from O't mg to t g. 

the beam, suspenders and pans are made of aluminium, the planes of agate, and the centre and end- ' 
kniues are eadi replaced by a pair of agate points. the sensitioeness is determined by means of tum 

riders, haoing a difference in weiaht of Vm mg and causing a deflectüm 
of 5 to 6 dioisions of the scale. the arresting denices of me beam and 
suspenders are raised and lotoered by a rod orojecting 40 cm from the 
balance. the scale is read bu means of a telescope. the sensitioe- 
ness and addition riders are lifted on and off and the pans together 
with a portion of the susoenders interdunged by the circular mooe- 
ment of a crank projecting from the case. the rider and pan carrier is 
mooable. Tig.lO gioes a general oiew of the balance. 

9. IlOO Stands lOlth Bell 6lass for the preseroaHon of oeri| 
fine weiohts, made bv P. Stückrath, of Triedenau-Berlin. 

the stand is made of wood and carries abooe an unpierced brass 
plate to whidi three ioory blodis are attadied b^ means of brass screios. 
the weights are placed upon the ioory blodis and protected from dust b^ 
the bell glass. See also mittheilungen der Kaiserlidien normal-Rttfiungs- 
Kommission, t.Seriestlo. 3t, lieber die Rufbewahrung feinerer 
Gewichte aus Messing und dergleichen (On the preseroation 
of flne brass and other weights). 




Fig. II. 



gilt brass. 
t Set of 



to. IlOO Rir-ioeights for determining the variable weight of air by Regnault*s method, made 
in ISSS bv B. Pensku (now Sommer $t Runge), of Bertin. Both bodies haoe approrimately the same 
mass and surface while their oolumes differ bv 300 cmm. One of these bodies is solid and has the 
form of a stout cylindrical ring, while the other, as shown in Tig.n, has the form of a hollow shdl 
fitted with internal ribs. Both bodies consist of the best copper and are thidily gilt. Xhty haoe rt- 
peatedlv been lested in Berlin bv the Imperial Office of Standards and three times bv the Bureau Inter- 
national des Poids et Mesures, of S^es. Both haoe prooed fairlv satisfactory although it has not been 
possible to entirelv eliminate dunges in their weights. 

tt. Sets Of Deights. 

t Set of weights from 500 to t g, made of platinum-iridium, in ISS5 and ISS9. 

t Set of weights from l kg to l g, made of aluminium, in ISS9, by P. Stückrath, of Berlhi- 
Triedenau. 

t Set of weights from t kg to t g, madeof rodi-crystal, in tST5, by Karl Stollnreuther, 
of Munidu 

t Set of weights from l kg to l g, made of gilt copper, in ISSS (l kg) and tS9t, by P. Stück- 
rath, of^Triedenau-Berlin. 

t Set of weights from t kg to l mg, made bu £. Menti, of Berlin, in tS9S, t kg to t g being 
made of nidieled brass, 500 to 10 mg of^platinum, 5 to l mg of aluminium. 

t Set of weights from 500 to t g, made in tSS3 by P. Stückrath, of Triedenau-Bertin, of 



weights from 500 to Ol mg, made in tS99 by P. Stückrath, of Triedenau-Berlin, 
oii. 500 to 10 mg of platinum, 5 to Ol mg of aluminium, 
t Set of weights from 20 kg to l kg, made in IST5 by P. Stückrath, of Triedenau-Berlin, of 
gilt brass. 
See also the follotoing publications by the Imperial OfRce of Standard lOeights and Fleasures:-' 
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MICEOSC/ '^^' H£DECINE & CHIßU&aiE 

aT Cw^MI^RAIi des prentiers CoM^traetenm sllemandfi 

DK 

^pJ .lOSCOPES, MICROTOMKS & APPARKILS DE IICROGRAPP 

DM 

AlCROSCOPES 4 D'APPAREILS DE MICROPHOTOGRAPHIL t DE PROJECTIOH • 
de la maison CARL ZEISS ä lENA 



► 



k 



MICHOTOMES 

des sysi^mes divers Jung-Thoma, Schanze, Minot, Becker, etc. 

VERRERIES, BOCAUX & MATERIEL COMPLET 
2 pour laboratoiren ei clinique9 

m <p R^AGTIFS ET COLORANTS 

I a ETUVES A TEMPERATURE CONSTANTE pour culture de Microbes. 

J^t APPARBILS OS STtalLISATIOn, AUTOCLAYSS, STG. 

g 'S 

S . INSTALLATION COMPL^TE DE LABORATOIRES 



d'Histologie, Biologie, Zoologie, Botanique, Bacteriologie, Hygiene 



■OS 

® 2 Anatomie, Physiologie, etc. 

m m 

i ^ B^POT GANJtRAlA 

|*4S DES PREMIERS CONSTRUCTEURS D'INSTRüMENTS DE CHIRURGIE 

g> . 

• « Meobles tseptiques pour Salles d'opörations et Cliniqpnes 

^ d Tables d'opiration, Armoires pour insimmentSi Voitnres et Tables de pansement 

3 • Brtncards, etc, 

1 APPAUILS POUR LA STERILISATION DES PANSKMENTS BT DBS INSTRVMBftTS 

TJ — : 

B^POT «^BT^KAIi des IMHTBVXRBiTS B'J^IiECTBOTH^KAPIK 

2 de la maison HIRSGHMANN 

a 



APPAREILS FIXES DE CABINET & APPAREILS TRANSPORTABLES 

pour courant continu et induit, electrolyse^ gahanocaustique et eclairage. 



ARRAREILS - TABLEAUX 



9 pour accouplage aa eourant des villes ou de» ätation» centrales 



Appareils et Materiel pour la RADIOGRAPHIE 

Notre Systeme est en usage dans les plus Importants Ii6pltaux de l'Europe 



APPAREILS pour le courant k HAUTE FREQUENCE da Dr. DABSOIIVAL 
fains de Inmi^re electrique. — patiriri pour eltctromassagc et electrochirnrgie 
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Appareils 5cientifiques 

et Instruments de pi 



909^9^9*^909*^ 



BOllEf BRQSTII, A BEUXELIL. 

49, Rue du Marais, 49 
QepF^sentant et D^positaipe G6a6Fal 

VENTE AUX PRIX ORIGINAUX DES FABRIQUES 

des Premiers Constnicteors allemands d'Appareib SeieiitifiqBes 



DfiLfiQUß et REPRÄSENTANT ößNfiRAL 

A L'EXPOSITION UNIVERSELLE DE PARIS EN 1900 

DE LEXPOSITION COLLECTIVE SPECIALE ALLEMANUE 

d'Optique, de Mecanique de precision 
et de Medecine et Chirurgie 

Tous les Appareils fabriques par ces Constructeurs se trouTWlt 
toojours en magasin chez le Depositaire general 

49, Rue du Marals, a Bru^^elles 

Sur demande la Maison Robert Drosten eovoie gratis et frmaet 

tous les Catalogues sp^ciaux que Ton d^sire ainsi que les devis d'appareils 
et d*installations compl^tes. 

Correspondances en Franfais, Anglais, Allemand et Espagnol , 
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fronomtsdifr Beitrag no.t, Beredinung oon Dolumen- und SetoiditebesHmmunaen mit R(UKsitfit 

^•iV '^^ ^'^ Sdiioanhungen der DidiHgkeit des lOassers und der £urt oon W. Tdrster, Bertin, 

^^^ Terd. Dümmler^s Dertag (ComputaNon of oolumes and weigtits witti reoard to ttie oscilta- 

/ tions of ttte densihi of water and air, by W. Törster, Bertin, pubtistied by r erd. Dümmter). 

I](;p; fletronomisdier Beitrag Ho. 3, lieber Derändertidikeit oon Ptatin-Gewiditsstüdien (On ttie oaria- 

/ bitihi of plattnum weiglits, bv Dr. £. £oe wentieri, Berlin tS75, printed by R. 10. Scliade). 

'^ Mitttieitungen t. Series Tlo. 3, DarUbilihi of lOeigtits. 

t. 'S, £lecMat ptienomena obseroed in weiglits of rodi-crystal and gtass. 

t. -34, lOeigtits of yeltoui metal. 

^ ' 3. ' - 3, On nie after-test of ttie controlting Standards of goid coin weigtits. 

3. - - S, nie flrst recurrent test of ttie Standards of tsS3 for Controlling 
commerciat cast iron weigtits. 
Zusammenstellung der ffir eine gteidurtige Rusfatirung der periodisdi loiedertietirenden Prü- 
fungen und Beriditigungen der normale, lOaagen und normalapparate der Ridiimter loesent- 
lidien 6esiditspunkte und Dorsdiriften. Dom 19. Januar tS79. (R reoiew of ttie aspects and 
requirements gooeming ttie uniform Performance of periodicallv recurring eraminations 
and corrections of Standards, balances and Standard appliances for testing stations, tstti 
of Januani tS79.) Publistied by W, Moeser, Berlin. 
Die Herstellung und die wiedertietirende Prüfuno 6€t Kauptnormale und Kontrolnormale (Ttie 

Koduction and periodical eramination of tne original and Controlling Standards), tSSS. 
iblistied by 10. Moeser, Berlin. 

12. Protohipf for Rlcoholomfters dioided in percentages bv ootume. Iliis set consists of 7 spindles 
made byXC 6reiner sen. & Sotin, of Berlin. Ilie dioisions adoance in tentlis of percentage and 
admtt of ttiousandtlis being estimated. ttie Standard reads percentaoes of traltes^s scale of oolumes 
and ts calibrated wittiin 0*001 percent for a normal temperature of nVi'^R. (iSVi'^C.). 

13. Protohjpe for Rlcoholomfters dioided in percentages bv weigtit. Ulis set consists of 6 spindles 
made by 1 C ereiner sen. & Sotin, of Berlin. It is a copv of ttie fundamental Standard and, titie 
ttits, reads to 0*001 percent at ttie legal normal temperature of 19* C 

14. Standard Hljdromftfr. tliis set, made of Jena glass by X C Oreiner, of Berlin, consists 
of 30 spindles and embraces a ränge of densitv of 0*63 to 3*00. £adi spindle comprises an interoal of 
0*01 of ttie density and is dioided into lialf units of ttie ttiird decimal. Ilie set is primarily intended 
for testing minerai oit hudrometers and sutptiuric acidmeters, but is also aoailable as a Standard for 
\yes and otlier Auids. tne normal temperature is 19* C, and ttie nuurimum density of water is talten 
as ttie Unit of density. 

15. IlOO Hl|drostatic Balance floats. tliese floats are made of Jena glass and liaoe a ootume of 
about 300 ccm and a mass of 300 and 500 g, ttieir densities being accordingly 1*9 and 3*9 respectioety. 
ttie floats are employed for standardizing tiydrometers at a constant temperature, wtiereas ttie ttiermal 
ef pansion of fluids is measured by means of smaller floats of 90 ccm readity acquiring ttie temperature 
of ttie surrounding medium. 

16. Standard Sacdiarlmfter graduated in percentages bi| loeight. ttiis set consists of 
9 spindles, eadi of wtiidi embraces a ränge of 30 per cent and reads to 0*1 per cent. ttie Instruments 
tuoe been made of Jena glass bu J. C. Oretner sen. & So lin, of Berlin, tlieir errors liaoe been calibrated 
to 0-001 percent, botti at ttie legal Oerman Standard temperature of 30® C and tliat of \y*C. 

Set also Mitttieilungen, 3. Series Ro. 6, Dorsdiriften über Tetilergrenien, Prüfung und Beglaubigung 
oon Sacdiarimetem (Dtrections respecting ttie admissible limits of errors and ttie eramination and cer- 
HRcaHon of sacdurimeters). 

IT. IWlh Hl|drometers. R spindle made of Jena glass by J. C Oreiner sen. 9t Sotin, of Berlin, 
embracing a ränge of densities from 1*0194 to 1*0406 and readino to tuio units of ttie fourtti decimal. 

tlie Instrument reads, at ttie Standard temperature of \yC., densities referred to tliat of loater at 
15**C. talten as tlie unit, and seroes for testing offlciat lactometers. 

18. Ht|drometer for Beer, tliis set consists of two spindles of Jena glass embracing ranges from 
1-009T to 1*0333 and from 1*0337 to 1*0963, and readino to units of ttie fourtti decimal ttie Standard 
temperature is 17*9"* C, and ttie readinos refer to ttie density of water at ttie same temperature talten 
as nie unit. ttie spindles are accurateiy tested wittiin units of ttie fiftti decimal.' 

tlie following are among ttie loorlis and tables publistied by ttie Imperial Office of Standard lOeigtits 
and Vleasures relating to alcotiolometry and tiydrometry:^ 
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KUtronomisdifr Beitrag tlo. $, KapüUritätsuntersudiimgen oon Dr. B. lOeitistein, Berlin 1SS9, 
Derlag oon Julius Springer (InnesHgaHons on capillarihi by Dr. B. lOeinstein, Berlin 
ISS9, published by Julius Springer]. 
Kletronomisdier Beitrag tlo.!, lieber die Bestimmung non Rrlometem oon Dr. B. 10 eins te in, 
Berlin IS90, Derlag oon Julius Springer (On the adjustment oP hvdrometers by Dr. 
B. lOeinstein, Berlin IS90, published by Julius Sprinoer). 
Mittheilungen t.Series tlo. S, Beitehungen iwisdien den Rngaben eines Dolumen- und eines 

6eu)iditsalkoholometers (Relations between alcoholometer read- 
ings bv oolume and by weight). 
t. 'tl, Kapillaritätsuntersudiungen und ihre Denoerthung bei der Be- 

stimmung der alhoholometrisdien normale (Researdies on capil- 
larihi and their application in the adjustment of alcoholometric 
Standards), 
t. - 13, Ueber die Bestimmuno oon Rräometem mit besonderer Rnwen- 

dung auf die Teststellung der deutsdien normale für Rlhoholo- 
meter (On the adjustment of hydrometers with special regard 
to the establishment of the 6erman alcoholometric Standards), 
l. - 13, lieber die amtlidie Beglaubioung oon Rrlometem (On the ofllcial 

certification of hydrometersj. 
1. -22, Beiiehungen iwisdien den Rngaben eines ßewidits- und eines 

Dolumenalkoholometers, sotoie iwisdien uiahren Dolumenproien- 
ten und uiahren 6eu)iditsproienten (The relations between al- 
coholometric readings bu weight and by oolume, also between 
the true percentage readinos by oolume and by weight). 
l. - T, S, IT, Dorsdiriften über Tehlergrenien, Prüfung und Beglaubigung 

oon Rlhoholometem und Rrlometem (Directions respecting the 
admissible limits of error in the eramination and certiflcation 
of alcoholometers and hydrometers). 
tafel zur Ermittelung des Rlkoholoehaltes oon Spiritusmisdiungen. Rmtlidie Rusgabe. ISSS. 
Julius Springer, Berlin, (table for determining the proportion of alcohol contained in 
alcoholic mirtures. Offtcial edition. tSSS. Published by Julius Springer, Berlin.) 
tafel zur Ermittelung des Rlkoholgehaltes oon Spiritusmisdiungen. Ergäniungstafel für tiodi- 
prozentige Spiritusmisdiungen. 1S$S. Julius Springer, Berlin, (table for determinina 
the Proportion of alcohol contained in alcoholic miitures. Supplementary table for high 
percentage spirit miitures. tSSS. Julius Springer, Berlin.) 
tafel zur Ermittelung des Rlkoholoehaltes oon Spiritusmisdiungen. Rusgabe für 6etoidits- 
alhoholometer. tSSS. Julius Sprinoer, Berlin, (table for determining the proportion 
of alcohol contained in alcoholic miitures. Edition for alcoholometry by loeignt. tSSI. 
Julius Springer, Berlin.) 
tafel zur Ermittelung der Stärke oon denaturirtem Branntioein. Rmtlidie Rusgabe. U9I. 
Julius Sjpringer, Berlin, (table for determining the strength of methylated spirits of 
u)ine. Offtcial edition. tS9S. Julius Springer, Berlin.) 
tafel zur Ermittelung der Didite oon amerikanisdiem Petroleum und dessen Produkten mittels 
des thermo-Rräometers. IS92. Julius Springer, Berlin, ftable for determining the 
density of Rmerican petroleum by means of a thermo-alcoholometer. IS92. Julius 
Springer, Berlin.) 
tafel zur Ermittelung der Didite oon Braunkohlentheer-Destillaten mittels des thermo-Rräo- 
meters. IS92. Julius Springer, Berlin, (table for determining the density of coal-tar 
distillates by means of a thermo-hydrometer. IS92. Julius Springer, Berlin.) 
Zusatztafet für russisdies Petroleum und dessen Produkte zu der tafel zur Ermittelung der Didite 
oon amerikanisdiem Petroleum und dessen Produkten. tS93. Julius Springer, Berlin, 
(table for Russian petroleum and its products; Supplement to the table for determinina 
the density of Rmencan petroleum and its products. tS93. Julius Springer, Berlin.) 
Rnleitung zur steueramtlidien Ermittelung der Didite und des 6eu)idites oon amerikanisdiem 
und russisdiem Petroleum mitteis des thermo-Rräometers. tS94. Julius Springer, 
Berlin. (Directions for determining, for the purposes of eicise, the density and loeight 
of Rmerican and Russian petroleum by means of thermo-hydrometers. IS94. Julius 
Springer, Berlhi.) 
Zusatztafel für mineralisdie £euditdle zu d€T Rnleitung zur steueramtlidien Ermittelung der 
Didite und des 6eu)idites oon amerikanisdiem und russisdiem Petroleum mittels des thermo- 
Rräometers. tS94. Julius Springer, Berlin. (Supplementary table to directions for 
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dcterminiiia, for Hie purposes of eidse, the densihi and lodght of Rmerian and llussian 
Petroleum mi means of rhe Hiermo-hvdrometer. tS94. Julius Springer, BerlinJ 
tafel lur lollamHidien RbPerHgunü oon DersdinitMOeinen und -mosten. 1S94. julius 
Springer, Berlin. (Table for tne customs eramination of diluted wines and musts. 1S94. 
Julius Springer, Berlin.) 

19. ItOO Ihermometers dioided Into 0*01® C, made of Jena glass by R. Fuess, of Stegliti, 
near Berlin, theii are used in the process of standardiiing hydrometers, where the measurement of small 
QSdllattons of temperature is required. the ränge of me graduations is sudi as to cause the hydro- 
metrically important interoal of 19 to 20"* C. to occupy the intermediate portion of the scale. the thermo- 
meters are provided wtth a Short freeiing point scale so as to pertodically ascertain oscillations of 
the freeiing point. Ihese thermometers possess oner the ordtnani thermometers divided into O*!"* the 
adiNintaae of affording more accurate readings, whidi is particularly desirable with cloudy and semi- 
opaque liquids, and haoe proved nu)st satisfactoni in this respect. 

20. Rpparahis for custotns dettrmlnaHon of ttie pcrcentage of alcohol in brandlfs, 
Uqueurs, essencfs and frult-juices, consUHng of:^ 

1 hudrometer jar of too ccm capacitu; 

3 aUoholometers, for to 30 per cent, and 29 to 9? per cent; 
t burette of 900 ccm with stand and holders. 

21. Rpparahis for customs determinaHon of the pcrcentage of alcohol, sugar and 
eitracts contalned in mines and musts, consisHng of :^ 

2 thermo-alcoholometers of to 12 per cent and 10 to 22 per cent respectioely; 

2 thermo-sacdiarimeters of to U and 19 to 91 per cent respectively; all accessories and 

1 one-quantihi pipette of 90 ccm; 
1 burette of 90 ccm dioided into Vt« ccm, 2 burettes of 29 ccm dioided into Vt« ccm, l grad- 

uated glass measure of 100 ccm dinided into Vt ccm. 

22. Chemical Fleasuring Rppliances. the eihibits comprise a selecHon of the most generali^ 
used diemical measuring glass appliances, e. g. burettes, pipettes, graduated cylinders, flasks, &c., sudi 
as are admitted in 6ermany to offlcial tests and certiflcation. these tests are made in accordance uith 
the decrees of the International Congress of Rpplied Chemistry, held at Paris in 1S9S, and are calculated 
to ensure to the analyst a certain degree of accuracy, inasmudi as certified appliances are required to 
satisfii certain conditions as to construction and accuracy. 

the computation of the total and subdivisional capacities is based upon the litre, i. e., the space 
occupied by 1 kg of uiater at its marimum density. 

Rccording to eristing requirements the appliances are certifted for temperatures of 19^ IT^"* or 20® C, 
for measurement bu pouring in or out. uie number of glass appliances thus certifted in 6ermany 
eiceeds S0,000 within the last 9 uears. 

Some of the appliances seroe m the eramination of sugar, others for ascertaining the oiscosity of 
oils, and yet others for titration, analysis of fusel, Ac. 

OfRcial miblications relating to diemical measurina appliances will be found in Mittheilungen 1. Series 
Tlo. 22; 2. Series Ros. 4, 9, 9 or the Imperial Office or Standard lOeights and Kleasures. 

23. Siemens*S Rlcoholometer for determining quanHties of spiHt and alcohol in distilleries. 
the quantity of spirit is measured by a drum (Itted with three measuring dumbers surrounding a 

culinder. the spirit fUnos through the latter into that measuring dumber whidi happens to occupy 
tne Unoest posirion so as to fill it, after whidi it passes into the second dumber at its side. this 
causcs the drum to tum, whereby the first diamber ts made to empty itself, while the second dumber 
takes its place, the movement of the drum is recorded by a counter and dial. 

the strength of the spirit is measured prenious to its entrance into the measuring drum. Tor this 
purpose it is passed into a tank through a speciallu arranged System of pipes where it is at the same 
mne automatically miied. the tank contains a float attadied to the free end of a spring whidi is 
depressed more or less according to the strength of the spirit and the corresponding buoyancy of the 
float. the spring actuates a lever whidi indtcates on a plane cume the position of the float and, 
accordingly, tne strength of the spirit. 

the strength is reaistered by means of a trifoliated cam attadied to the drum shaft, upon the rim 
of lohidi glides a wheel attadied to one arm of a crank-lener, lohiist the other arm loith its follated 
curue describes a reciprocating movement, lohidi, hoioever, by contact loith the cam-lener, is limited in 
sudi a loay as to cause the cume to describe an angular movement corresponding to the strength of 
the spirit. the crank-lever is coupled to the "alcohol ivheel" bu a spherical ratdiet in sudi a manner 
as to constrain the loheel to fonom only that movement of rhe curve lohidi is directed to the left. 
the wheel tums accordingly in one direction only, the angle of rotation being proportional to the 
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strength of the spirit. l\s moDonent is transmitted to a counting dial lohidi indicates the quantity 
of alcohol contained in the spirit. 

24. Sif mf ns*S Samplet. Ihis apparatus registers the quantity of liquid passed through it and 
at the same time abstracts a sample of the latter. Ihe drum of this apparatus is similar to that of 
the alcoholometer, but, in addition, it is fitted with three sample takers. Trom these the samples flow, 
at eadi disduroe of the measuring dumbers, into a tank where they are allowed to accumulare. From 
the strength of these accumulated samples, as ascertained by means of an alcoholometer, and the reg- 
istered quantitu of spirit it is easy to calculate the quantity of alcohol contained in the spirit. 

6erman disHUeries are provided with 600 alcoholometers and 400 samplers, all made bu Flessrs. 
Siemens Brothers, of Cnarlottenburg, and certified by the Imperial Office of Standard lOetghts and 
Fleasures. this Office is also responsible for the supreme tedinical superoision of the working of these 
appliances. Ihis superoision is effected partly by its oum officers and partly by ercise ofllcers trained 
at the Office of Standard lOeights and Fleasures. 
Publications:^ 

Rnleitung lur steueramtlidien Ermittelung des Rlkoholgehaltes im Branntwein. Rmtlidie Rus- 
oabe (2. oeroollständigte Ruflage) IS90. Julius Springer, Berlin. (Directions for the 
determination, for the purposes of ercise, of the percentage of alcohol in spirits. Official 
issue find enlaroed editionl. IS90, published bu Julius Springer, Berlin. 
Zusatztafeln für geringhaltige Branntweine lu der Rnleitung lur steueramtlidien Ermittelung 
des Rlkoholgehaltes im Branntwein. Rmtlidie Rusgabe. tS93. Julius Springer, 
Bertin. (Tables for under-proof spirits, supplementär^ to the Directions for determining, 
for ercise purposes, the percentage of alconol in spints. OfRcial issue. tSOS. Julius 
Springer, Berlin.) 

25. Standardizable 6rain-tfSters, for ascertaining the qualihi of grain, made in tS99 by Messrs. 
Sommer ARunoe. these appliances are made in two sizes, t)iz. for ll and y4l. those erhibited 
are used by the imperial Office of Standard lOeights and Measures for standardtiing purposes. they 
are accordingly made stronger than those in ordinary use, so as to obDiate deformations as far as 
possible. 

6adi apparatus consists of:-' 

1. a balance provided with the requisite weights; 
3. a measure slotted at the top; 

3. a Short cylinder, known as the fore-runner; 

4. a scrapino knife; 

5. a filling (übe whidi can be firmly placed upon the measure; 
0. a wooden plate to flr the measure. 

the measure is (ired on the wooden plate, the knife is passed into the slot, the fore-runner is ttien 
placed upon the measure and the filling tube firmly fitted to the measure. the grain is carefitUy 
poured in and levelled off with some straight article. the withdrawal of the knife will cause the grain 
together with the fore-runner to fall into the measure. the knife is then again passed through the 
Slot, the result being that any grains whidi happen to be clamped between the knife and the wall of 
the measure will be cut through. the superftuous grain is then poured out and the fillina tube 
remooed. the measure with fts Contents is weighed, and the weight of the measure and fore- 
runner being balanced by a counter weight, this Operation shows at once the weight of 1 1 and V4I 
respectiDely. 

Official publications by the Imperial Office of Standards relating to the grain-tester will be fotmd 
in the 

rattheilungen, t. Series Hos. 14, 16, 1$, 21 and 22, 
2. - - TandS, 
and in the following publications:-^ 

lieber den durdi £rlass Dom 14. Mai tS9t lur Ridiung lugelassenen Rpjparat zur Qualitäts- 
bestimmung des Getreides (6etreideprober); herausgegeben vtm der Kaiserlidien Hormal- 
Ridiungs-Kommission, Berlin, Julius Springer, tS9l. (On an apparatus for testino 
the quality of grain (grain-tester) accepted as a Standard apparatus bu a decree dated 
I4th of May tS9l, issued by the Imperial Office of Standards, Berlin, published by Julius 
Springer.l 
tafel zur UergfeidiunQ der Rngaben des aidiflhigen Setreideprobers mit anderen beim 6etreide- 
handel üblidien dualitätsbestimmungen. 1699. Julius Springer, Berlin, (table for 
comparing the indications of the standardizable orain-tester with other commercial methods 
of ascertaining the quality of grain. 1699. Julius Springer, Berlin.) 
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2. fdax Bekel, Hamburg, 3 Rossberg. 

Manufachirer of Prfcision Balances. 
establlshfd 1855. 

Holder of atoards for ercellence of toorkmanship in Precision Balancts. 




PhifsicaU Chemical and tedinical Balances. Rssay Balances for precious metals. 

Specific 6rat)ih| Balances. 

Balances toith opHcal reading appliances. 

Balances fitted wilh mechanism for chargingioithclosedcase. Balances of hoo degrees 
of sensiHoeness for analyHcal and tedinical loeighmg respecHDely. Balances fitled loilh secondani 
difTerential balance (D.11.6.M). 

lOeights of pebble and gilt metals. 

Detailed Catalogues on application. 

telegraptiic address :^'*Behel Hamburg.** 

3. J. & R. Bosdi, Strassburg, Rlsace. 

Philosophical Instrument Fiakers. 
(See also Section lila.) 

Rnalt|tical Balance for a maiimum durge of 200 g, in double 
casing. Ihe addition of t mg produces a defiection of 10®. Ihe 
beam and medunical parts are encased during ttie weigtiing 
Operation; dunges of temperature and ttie tieat of tne body produce, 
ttierefore, no perceptible efrect. Ihe balance is oery constant. Fleans 
for adjusting the ares are absent, erperience haoing shown adjust- 
able ajres to be a constant source of error, the balance is ntted, 
to Order, u)ith agate knife-edges. 




Digitized by 



Google 



24 



SecHon 1. 



4. Il.Brunn^e (lateüoigt&Hodigesang), ßötUngen. 

Fltdianician. 



(See also Sectioti Vg.) 

t. Rnalt|Hcal Balance for a diargf of 500 g. 

2. RnatuHcal Balance for a Charge of 200 g. these baUnces are of an entirdv neto con- 
strucHon. (Reg. in 6erm. D.n.6.M. Ro. •I,STI, 9I,ST2; Rmerican patent no. 634,495.) Ihe beam is htah 
and stifT; rhe stifTening struts are spread outioards and form a roof-shaped skeleton /oined at ttie 
centre by a Suspension blodi. the lohole middle part of the beam is clamped by the pointer carrier. 
the beam, though light in itself, possesses a oery high carry ing potoer; it is also lirtie afTected by 
dunges of temperature, being entirely made of uniformlu hard-rolled sheet aluminium or argentan 
and consisting, apart from the pointer carrier, of only noo parts flrmly joined together by a few 
fine rioets. the load is uniformly distributed ox>tr the entire length of the centrat aris. 




the balances are fitted with an entirely new denice for lifting the beam ofT the agate pans. (Reg. 
in 6erm. Ro. 9t,STt.) the small stems seroing to lift ofT the suspensions are rigidfy attadied to the 
beam, so as to ensure absolutely accurate replacement of the knife-edges enen if it wert possible for 
the beam to be gripped in an inclined position. 

the riders can be shifted by an ertremely smooth movement, whidi cannot in any way be disturbed. 

this balance was shown for the first time at the £fhibition of Rooelties connected loith 
the TOth Meeting of the 6erman Raturalists and Physicians held at Düsseldorf, and 
was awarded a diploma and a special certificate of ei cellence. 
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5. Paul Bunge, Hamburg, \z ottostr. 

Fledianical InsKhite. 
established tSS6. 

Specialihi: Physical and Chemical Balances and Ddghts. 

6old Fledals and Diplomas: 
Dientia tST9, Hamburg tS76, Brüssels tSSS, Kamburg tSS9, Chicago tS93, Brüssels tS97. 




Fig. I. 



t. Physical and Rnalytical Balance for a madmum diarge of 200 g. ihis baiance is 
aoailable for rapid worhing within Vi« niQ* or for a marimum degree of erachiess mithin Vioo mg, 
lohtdi can be read direct as diDisions of a scale. the aris and bearings and all supporting parts of 
\h€ beam, sHrrups and pans are made of agate. Ihe beam is 013 m long and made of the finest 
argentan and, though oery light in ilself, is ertremely rigid, the pans are of pebble. Fig. 1. 

2. Rnalytical Balance for a mafimum diarge of 200 g with patent device by whidi the 
approiimate loeight of the durge can be read as soon as placed upon the scale-pan. Fig. 3. 

Beloto the rignt hand end afis of the beam is situated a small round spindle, from whidi the hook 
of a lener baiance can be suspended, when it is required to throw it tnto play. Ihe scale of this 
leoer-balance, whidi is veru large and distinct, is situated behind the column so as not in the least 
to mterfere with the accessibilihi of the baiance case. Ihis arrangement is particularly useful for fre- 
i|uent weighing of bodies of oan|ing densities. 

3. Phusical and Rnalt|Hcal Balance for a nuur imum durge of 200 g, with an arrangement for 
interdumgtng the pans without opening the case. R detailed description will be found in the firm*s 
prindpal Cafalogue of Balances Ho. l g, p. 21. Fig. 3. 
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Fig. 2. 



Ihe cuts are therebv not strain- 
ed in tne least since the optical 
reading is onlu Uken at the 
last momenr; mortovtr, the 
maanified scale is seen with 
borh tyts. the use of both 
scales entails, in fact, no incon- 
DCTiiences of anv Kind. 

5. Pht|sical and Rnalytical 
Balance for a load of 500 g, 
loith reading coUimator and an ar- 
rangnnent Tor medunically diar- 
ging and disdurging the toeigtit 
pan loithout opening the case. 

Ihe folloioing are the advan- 
tages tohidi this balance pos- 
stssts as an instniment for re- 
seardi and diemical anal^sis and 
tohidi are not shared by other 
balances:-^ 

Ihe loeights are placed accurate- 
\y centrallii upon the pan toith- ii^ 
out friction, or the rish of shodi 1 
or accidental dropping, bu purelu r 
medianical means, first hy slid- |r 
ing the carriers, haoing the oalue 'i 
of^the respectine loeionts marked 
upon them, from right to left as 



lOith this balance double weighing 
can be carried out in almost the satne 
time as Single toeighing in other baUm- 
ces, since, after selting the balance up 
and noting the ratio of the beam, it is 
not necessaru to determine the lero point; 
for a slight displacement of the zero 
point, as well as anu deoiation in the 
beam, are eliminated hy the final mean 
of tioo readings. Ihis form of balance 
is loell-nigh indispensable for absolute 
toeighing. 

4. Rapid Predsion Balance for 
a madmum diarge of 200 g, 
loith ttJDO superposed scales read by a 
lens-mirror. Ihe beam is of gilt gun- 
metal. FiQ.4. 

Ihe balance stoings tiery rapidlu, and 
Vjo nig are read directlii toith the aid 
of a lens-mirror, i. e., an adiromatic ob- 
jectioe hat)ina a siloered badi, tohidi 
magnifies, tolthout refiections or distor- 
tion, the tohole of a milk-glass scale 
30 mm long and dioided into Vi ^^ 
and mounted äbovt the iooni scale. 

lOeights in terms of milli- 
grammes are read from the tt>orv 
scale, a glance on the olass scale 
as seen in the mirror being only 
required in order to estimate the 
tenths of a milligramme with 
certainty. 
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r as \he stop will alUno; then by htming a 
anh from one disHncHy marked posiHon into 
lother, and thirdlv in moving the carriers badi 
» far as the stop on the right. Ihe reversed 
rocess is adopted for lifting tne loeights ofT. 

W\\h other balances in lohidi the inder scale 
nbraces t mg tmXy, repeated arrests and releascs 
re required In order to find front ttie position 
f the nder the third and fourth places oP decimals, 
ihereas in this balance, in lohidi the potnter is 
ily deflected one degree per miUigramme, and 
ihere, therefore, the entire scale encompasses 

Zentigramme, the third place of decimals can 
t determined by the first sioing, and after one 
rrest and release the fourth place of decimals 
lay be read and the fifth estimated with the 
Id of the coUimator. By combining the low 
osition oP the centre of oraoihi loith oen| eract 
»dinos the rapidity of the oscillations has been 
!duced as compared toith that of a similarly 
msitiDe balance in the proportion of \:y\0 
nd yet oottdisafes a ten times greater degree 
r constancu in the sensitioeness of the balance 
lith diangfng durges. the beam is made of 
le finest argentan. the aies and bearings as 
lell as the supporting parts of the beam, stir- 
ips and pans are made of agate. the beam is 
Um long. 

6. Pht|sical Balance for a tnaiimum diarof of t kg, for adjusHng and comparing stan- 
ard loeights. (Property of the Bureau International des poids et mesures, at Stütts near 
aris.) 

Ihis balance is adapted for working at a distance of $ m so as to obnlate the influence of the heat 
r the body upon the accuraqi of the balance. 




Fig. 4. 



6. 6om. Kern & Sohn, Ebingen (Würtemberg). 

nahers of Precision Balances and Deights. 

t. Precision Balance for tedmical purposes, to carry a durge of 10 kg, sensitive to Vtooooo of 
lie durge, with lener for liftina beam and scale-pans, the beam lifting off its bearings by means of 
upporting arms. the whole balance is mounted upon a bor. 

2. Precision Balance, to carry 500 g, sensiHoe to VtooMo of the durge, fitted with teuer for 
ifting beam and scale-pans, mounted upon bof fitted u)ith leuelling-screws, with beam supporting 
rms. 

3. Precision Balance, to carry 200 g, sensitive to Vmooo of the durge, fitted u)ith leuer for 
iftmg beam and pans, without beam supporting arms, mounted on bof. 

4. Rssai) Balance, to carry 5 g, sensitive to Vto mg, u)ith platinum pans, encased in glass. 

5. Precision Balance, to carry 3 kg, sensitive to Vsoooo of the durge, mounted on brass column, 
Dilh lifting lever. 

6. Dispensing Balance for dmggists, Dr. Mohr* s pattem, mounted on a brass column with um, 
he beam suiinging in front of the column, to carry l kg, sensitive to Vioom of the durge. 



Digitized by 



Google 



2$ SecHon I. 

T. Dispctising Balance for druggUts, numntcd on brass cotumn toith angle bradtet, nie beam 
htrning in rhe centre of the cotumn, to carry 500 g, sensiHoe to Vmm« of the durge. 

S. Retaiting Balance mounted on obetisk-shaped iron stand of tatest construcHon, to carni 
3 kg, sensiHoe to Vmm« of tlie durge. 

9. Set of Dniggisf s Hand-scales. 

tO. Set of 6ramme Ueights for diemists. apothecaHes and deaters. 

ememememememcmemcmcmemcmcmememememememememememememomm 

T. F. Sartorius, ßötUngen. 

Philosophtcat Instrament Mäher. Speciatitii: Hnatt|ticat Balances and Ueights. 



t. Short Beam Htiatt|ticat Balance lotni atumintum beam, in matioganii case, loitti 
front rider-stide, mounted on a base of btadi ptate gtass. Rtt metat parts are ptatinized. The batam 
is adapted for a diarge of 5 g and is sensitioe to 0*02 mg. 

2. Short Beam Hnatt|ticat Balance mitli atumintum beam, for a durge of tOO o and sensttii 
to 0*05 mg, (Itted in an etegant brass bronze case and mounted on a base of btadi ptate gtass. 

3. Short Beam Hnatt|ticat Balance mttti atumintum beam, for a durge of 200 g and sensitli 
to O't mg, (Itted in a lieiagonat metat case and mounted on btadi ptate gtass. 

4. Short Beam Rnatt|Hcat Balance wttti atumintum beam, for a durge of t,000 g and sensitli 
to 0't$ mg, in a dntX^ potislied matioganii case loitli batanced front rider-slide and mounted on btai 
ptate gtass. 

5. Short Beam Hnatt|ticat Balance wttti a trtanguUr beam of gtU ptwsptior-brome, for 
durge of 500 g and sensitioe to Ot mg, in a potistied matioganii case loitti batanced front rider-sUI 
mounted on btadi ptate gtass and (Itted witti an arresting arc. 

6. Short Beam Hnatt|ticat Balance lottli recttttnear beam of ptiosptur-brome and brass cotu« 
for a durge of 200 g and sensitioe to Ot mg, (Itted in maluiganii case and mounted on btadi ptate qUi 

T. Short Beam Hnatt|ticat Balance witti recHtinear beam of plwsptior-bronze and green l 
cotumn, for a durge of 200 g and sensitioe to Ot mg. 

S. Short Beam Hnatt|ticat Balance wttli pterced trtanguUr beam, (Itted witti means for i 
ina ttie degree of sensitioeness, encased in a loatnut loood-frame and mounted on a loatnut sotc^pl 
ttiis batance is capabte of carrying tO,000 g and is sensitioe to 2 mg. 

9. Bi-afial Specific 6raoiti) Balance for ftutds, witti steet appttcaHon points. 

to. Bi-adal Specific 6raoitl| Balance for ftutds and sottds, witti steet appttcaHon points. 

tt. Predsion Balance witti beam and pan arresters, for a durge of 2 kg, nidieted. 

12. Precision Balance lottli beam and pan arresters, for a durge of t kg, tacquered. 

13. Precision Balance wiHi beam and pan arresters, for a durge of 200 g, nidieted. 

14. Precision Balance witti beam and pan arresters, for a durge of 50 g, nidieted. 

15. Hnatt|ticat Ueights, set of 50 g, gttt. 

16. Hnatt|ticat Ueights, set of tOO g, tacquered. 
IT. Hnatt|tical Ueights, set of t,ooo g, pUHnUed. 



measw-, 
»Ic.pUW 
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$. Rugust Sauter, Ebingen (Würtemberg). 

Maker of Balances and Ueights for Chemists, Pharmacists and Dealers. 
£stablished t$56.-^Proprietor since t$T4: Couis Hrmbruster. 

telegraphic and PosUt Rddress: Rugust Sauter, Cbingen, lOürtemberg. 
Rtoards: £ondon t$62; Paris t$67; Dienna t$73; Stuttgart t$$t. Siloer medat. 

t. RnatyHcal Balance for a diarge of 200g, rig.t, sensitioe to Otmg, loith short beam 
of atitminium, beam and stirrup arresters, brush dampers for steadi|ing the pans and rider-slide for 
toeighing 0*t to t,000 mg toith closed case. the balance is mounted on bladi plate glass and surrounded 
bi| an elegant brass-bound glass case fitted toith four aluminium sliding doors. the bearings and 
knife-edges are made of agate and do not contain ani| steel or iron. 




Tig.t. 



Fig. 2. 



2. RnatyKcat Balance for a diarge of 200 g, rig. 2, sensiHoe to 02 mg, with short beam 
of aluminium and pans $0 mm in diame^, beam and stirrup arresters, brush dampers for steaduing 
thr paus and rider-slide for weighing Ol to 1,000 mg with closed case. the balance is mounted on 
a plate-olass and surrounded bu a glass case in mahoganv frames fitted with two side doors and 
balanced front sliding doors. the bearings and knife-edges are of agate, and the use of iron and steel 
is aooided throughout. 

In addition to these anali|tical balances, the erhibits include a few others adapted for diarges of 
to, 50 and tOO g respectinelii, as well as an assav balance. 
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3. Short Beam Balance for Technical Purposes, toith aluminium beam, rtg. 3, sensh 

Hue to 2 mg toKen carruing 200 a, or to to mg under a load of 5 kg, toith beam stirrup arresters 
toorked b^ a cam and rotier, and brush steadter for the pans. 




Fig. 3. 



7i9.4. 



4. Short Beam Balance for Technical Purposes, with aluminium beam, Tig.4, sensi 
50 g, or to 30 mg under a load of tO kg, toitti toheel and cam arrestrr 



tioe to t mg totien carrying 
for ttie beam. 




5. Precision Balance for Technical Purposes (or a 

durge of 50 kg, Tig. 5, sensitive to 30 mg, fltted toitti paus 
40 cm in dlameter. The balance has a Short beam and is Attrd 
toith beam and stirrup arresters for liftina off the cenhrat and 
end knife-edges. The uprights are made of bladi enamcUed iron, 
the beam, suspenders, pans and diains are of brass. the ar- 
resters are toorked bu a toheel and cam. Ihe degree of sensi- 
tioeness can be uaned bi| a sliding toeight on the pointrr. 
R similar balance is made on the same plan for a durge 
of tOOkg. 




Fig. 3. 



Fig. 6. 



Fig.T. 
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6. Hand Disprasitm Scales, or brass, Fig. 6, or an improoed panern fined loith pHsmaHc knife- 
edges and suspenders, or t)anous carrying poioers. 

T. Uestphat's Single Hrm Specific 6ranih| Balance ror fiuids. rig.T. 

8. Portable ßrcise Balance for lOeight Inspectors. rhf beam has on one side hoo knire-edges 
sthtated at distances t : to and t : 5 from the central kniff -edge. the Standard toeiahts of t, 2 and t kg 
sufRce to test toetahts of 5, tO, 20 and 50 kg. The balance Ts sensitine toithin the tenth part of the 
Ihnit alloioed bt^ the 6ennan Crcise Department. 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



9. Ixlilh. Spoerhase, late C. Staudinger & Co., 

ßiessen (Hesse). 

Physical and Medianical Uorks. 

(See also SecHon III b.) 

thts rirm toas established in 1842 bu Carl Staudinger. It toas subsequentlii carried on b^ Trans 
Utlh. non 6ehren, and since t$$8 nas been the sole property of Uilh. Spoerhase. 

Rgenctes in Munidi, Condon and Philadelphia. Branches in Munidi, tO Sonnenstr.; Condon, 
st Page St., Uestmtnster, S.W. 






Tlg.l. 



Tig.3. 



Tig.2. 



t. Predsion Balances and Ueights for Physicat, Chemical and tedinical purposes. Rnali|- 
ticalBalancesofthe most approoed type for use in unioersity and toorks laboratories. 6old and 
Siloer Rssai| Balances of finest toorkmanship, sensitive to 0*01 mg. Specific 6raiiiti| Balances. 
Balances for heanii charges, kc. Tig.l and 2. 

2. Cattietometers of approoed original construction: neto model toith correction of telescope above 
the icro point of the nemier, so as to directly neutraliie prismatic aberrations. Tig. 9. 
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to. R. üerbeek & Pediholdt, Dresden-RUstadt 

4 ßärtnergasse. 

HnaltjKcal Balance Of COnstant srasiMofness, loith arrangmunt ror arresting the beam, 
and UrHng the cmtral aris from the central planes and the end planes from Ihe end kniues. the 
central knives and the three planes are made of agate. the scale pans are made of sheet nidiel and 
are steadied b^ means of a brush arrangement. Ihe balance is fitted toith sliding rider Ufter, haoing 
(Itted to the rider arm a denice prenentino the rider from leapina off the hook. Ihe bottom of the 
case is floored toith a bladi glass plate, its frame beina nude or mahogany. Both front doors and 
the removable centre pane are of stout plate glass toithout toooden frames, and there are tioo side 
doors and a sliding toindoto at the badi. £adi pan takes a durge of 300 g, and an additional diarge 
of t mg produces a deflection of 5"*. 

R dtsttnctioe feature of this balance consists in its constant sensibility. the deflection of the potnter, 
in this case y per t mg of toeiaht added on one pan, is absolutelii independent of the total durge. 
the deflection is, therefore, directlii aoailable for determining the smallest dtfferences of toeight toithout 
the necessity of accuratel|yi balancing the pans. In addition, the balance stoings rapidlii; rhe process 
of toeighing is, therefore, considerabf^ shortened bt^ this method. 

IMce-lists may be had free on application. 



=5^^ 
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IL Rstronomical Instruments. 



t. Hans Heele, Berlin 0. 2T, to4 Grüner weg. 

Mediantcian and Optician. 

(See also SecHon I, Sub-£yhibiHon of the Imperial normal-Ridiunos-Kommission, and the Sub-£yhibiHon 
of the Imperial Physical and tedinical InsHhtle.) 

t. Rstronomical ObjecHoes for Disual and Photographie Obseroation. 

a. telescope Objeclioes, free from secondary spectrum, correcled for rai|s ertendtna from 
C to F and made from neto, absoluleln permanent glasses manufachtred bt^ £d. Mantois, of Paris: 

t. 520 mm diameter and tO m focits 
j. 150 ... 2 - - 
3. tJO - ' - 1-6- 

b. RstrO'photographtc Objectine, corrected for the G and Hy rai|s. 115 mm diameter and 
% m t^oss. 

c. Rpochromatic Objectioe, satisf^ing thesine formulaand 6auss*spostulate, for therequire- 
ments of spectrum anali|sis; 75 mm diameter and 600 mm focus. 

d. telescope Objectioe made of Jena glass, 175 mm in diameter and 2*9 m focus. 

KIr. Triedr. Krüger, the director of the Ritenburg Obseroatory, has published the foUoming criticism 
respecting the objectines made by the (Irm:^ 

"In the meannme I mas enabled to erhaustineli| lest the Visual objectioe, and the results prooed so 
unusuatty satisfactoru as to merit general Publicity. Ihe objectioe, computed and polished bi| Mrlheo- 
dorHeele, hasa diameter of ISO mm and a focus of 302*4$ cm, the ratio of aperture being accordingly 
1:16*2. It consists of glass pairs prepared by £d. Mantois, of Paris, the material is entirely free 
from bubbles, perfectlii colourless and oeni transparent. 

the tests mere carried out in accordance with the directions published bu Messrs. t. CoohASons 
(On the adjustment and testing of telescope objectioes, 2eitsdinft f. Instrumentenh. t$04). 
the objectioe satisfied these tests in a manner mhidi stamped it as an adiieoement of the (Irst order. 
the obseroation of bright spots, sudi as Jupiter, disclosed no traces of colour fringes, also the lunar 
craters were free from false colourino. 1 was particularly strudi by the mell deflned colours of Mied 
Stars and the abundance of details d(scemable on Jupiter and Mars. 

the positions of the foci due to rays of difTerent refrangibility were determhied after H. C DogeTs 
method, bi| obsemations on Procyon, Sirius, Castor, Polluy, Capella and Rldebaran. the foUoming 
mere the oalues obtained by these tests :^ 

Focal difTerences 



lOaoe length 


in mill 


imetres 


in 


Viooo^ofth 


e focal len 




Heele . 


Pauly 




Heele 


Pauly 


C 660 


-005 


-00$ 




- 1*7 


- t$ 


D 500 


-0*00 


-0*12 




- 3*1 


- 2*7 


E— b 520 


-0*00 


-0*00 




- 00 


- 00 


F 466 
















G 434 


+0*36 


+2*3$ 




+12*3 


+53*3 



the data supplied for comparison under the heading of *Pault|* haoe been taken from a paper bi| 
Prof. n.10olf, of Heidelberg, entitled: lieber ein Ternrohrobjektio mit verbesserter farben- 
horrefction von Dr.Paulii (Eeitsdir. f. Instrumentenh. tO. p.t. t$09). this Objectioe has a ratio of 
aperture of t:2t.** 

2. Rf fractor of £atest Construction with spherlcal ares, pierced poUr and decUnation ares and 
objectioe haohig an aperture of 120 mm and a focus of t*6 m. 



fledui«ics 1114 OpHcs. 
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3. Knorre-Heele's Untoersat nicrometer. Ihts inshument comprises t. a flUr micromftfr 
loith Position cirde, 2. a registering micrometer or declinograph, 3. a double image micrometnr (Itted 

toith double-refracting prism; it has been de- 
signed and made front data supplied bu Prof. 
D. Knorre, of ttie Roual Obsernatoru of »erlin. 
Tig.t. 

ttiis instrument consists of a sleeve fltted 
toitti a flange for attadiment to the refractor and 
seroing as a carrier for a tioUoio sptndle tiaoing 
ttoo cones and prontded at its centre toith a 
graduated cirde for the double image micrometrr. 
the lower of these cones is fltted mto the sletDe, 
white the upper cone, that near the eye-picce 
end, is ntted with a collar carryina the diotded 
cirde of the position micrometer, the illuminat- 
ing appliances for the cross-lines, the micro- 
meter medunism proper and the recording ap- 
paratus. 

rhe micrometer medunism is fltted with hoo 
screws of V4 and 2 mm pitdi respectinetii, one 
beino the measuring screw, the other ttie declino- 
oraph recording screw. the drum of the latttr 
Is dinided and pronided with raised marfcings in 
sudi a manner as to render it anailable for im- 
printing the differences of dedination in terms 
of minutes and seconds directlii upon an endltss 
paper ribbon, the readings so obtained bein^ 
correct within ertremelii small differences, the 
-. « nalues of whidi are ascertainable from a small 

"9-*- table. 





Tig. 2. 
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nie tohole of the microtneter medunism is made of nicket-stee 1 so as to oboiate or at least con- 
siderablv diminish strains arising from dunges of temperahtre. 

When using the itisbitment as a double tmage micrometer, Ihe htbe toith its adjustable double re- 
fracHng prism is sUd into the micrometer aris and adjusted bu a radi and pinion mooement with 
respect to the cross-Unes. Ihe micrometer oalues are read accuratelu within O't mm bt^ a scale. Ihe 
prism, the form and optical properties of whidi haoe been computedbu Prof. M.Brendel, is not, as 
m liOellmann's micrometer, situated between the eye and the eye-ptece, but between the objectioe 
and the plane of the cross-lines and dose to the latter. this both improoes and simpUfles the Observ- 
ation of Position angles and distances, since the lines appear Single. 

the Instrument is the property of the Royal Obseroatorv of Berlin. 

4. Spectrum Hpparatus with conered eytra-heatni flint glass prism, with telescope of 26 mm 
aperture and 234 mm focus. Tig. 2. 

5. Darious forms of Pristns fbr Hstronomical Purposes. 

Catalogues may be had free on application.«-^Correspondence in 6erman, Frendi and Cnglish. 

2. Jakob Merz, Munldi, 3t Biumenstr. 

OpHcat Uorhs. 

t. Refractor of teomm aperture, 198 cm focus, equatoriallii mounted on a cast iron pyramid, 
polar altitude adjustable from 20 to 60^ with clodi-worh, Toucault*s sustem, fllar micrometer mith 
Position circle, and (leid and (llar Illumination. Ihe dioisions on the declhiation circle can be read 
from the eye-piece end. 

2. Unioersal Direct-Dision SpectroSCOpe for stars and solar protuberances. 

5. HetiOSCOpe for solar obsemations, shomhig the solar Image in neutral tints. 

4. ObjecHof of 30 cm aperture and 324 cm focus. 

5. ObjecHoe of 26 cm aperture and 319 cm focus. 



3. R. Repsold & Söhne, Hamburg, 96 Borgfelder mmeiweg. 

(See also SecHons 1, lila and 11! c.) 

transit Instrument and Derticat Circle for fundamental meridian obseroations. 
Propertv of the Royal Obseroatorii of Breslau. Grhibited bt^ the Prussian Ministry of 
education. 

t. Transit Instrument: ObjecHoe bt^ Stelnhell, of 102 mm aperture and 1*05 m focus, fltted 
mith Repsold*s impersonal eye-piece micrometer. Tilar and fleld Illumination, also for nadir positions, 
bi| a small incandescent lamp near the eve-piece end. Ihe objectioe and eve-piece heads are inter- 
dunocable. Ihe aris can be reoersed in its bearings without necessitating the remonal of the instru- 
menf be tmeen the Standards. 

3. Dertical Circle fbr Rotation in Rzimuth, similar to ertePs oerHcal circle in Pulkowa. 
ObjecHoe bu Steinheil of 162 mm aperture and 1*05 m focus. Ihe cross-Unes and fleld are illuminated 
by a small incandescent lamp, near the eue-piece end, also in nadir positions. Ihe objectioe and 
eye-piece heads are interdungeable. Ihe alntude circle has a dlameter or 0'$0 m, and reads by four 
microscopes. Ihe aiimuth circle has a diameter of 0*40 m. 
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4. Clemens Kiefler, Tlesselwang and Flunidi (Banaria). 

nathcmatical Inshument Uorks. 

[Sit also SfcHon IX.) 

rhe firm of Clemens Rlefler loas founded in t$4t and possesscs hoo establishments tDorkcd bf 
toaler potoer (2 htrbines and 3 toater-toheels) and gioing emploiimenl to 100 toorkmen. the manufachiiT 
includes draioing inshitmenls and astronomical clKks, and the annual ou^l amounts lo •t.ooi 
dratoing compasses and 100,000 other inshitments (draioing-pens and small inshitments). In addthoi, 
the firm has suppUed so far 50 astronomical clodis (6ennan patent flo. 50,1901, UO memtni compensaHoi 
pendulums (6ennan patent flo. 60,059), and 60 nidiel-steel pendulums fpemun patent Tlo. tO0,tTi). 
ttie firm erports to eveni cbilised country and holds U international and 12 national priies. 

the present partners in the Arm are Dr. Sigmund Riefler and Flessrs. Rdolf and Theodor 
Riefler. 

Rstronomical QoAs and Chronometers of Original ConstrucKon. 

Ihe degree of precision toith tohidi a pendulum clodi toorks depends mainlv upon the qualthp of 
the escapement and the action of the compensation pendulum. Dr. S. Riefler, engineer in Fbmidi 





Fl9.t. 



Fig. J. 



TI9.3. 



Tt9.4. 
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atid parhtrr in the abooe firm, after long conHnued tfperimente, tus succeeded in the construcHon of 
an escapement as toell as a campensatino pendulum tohidi saHsfu orisHtio requiremmts in 
an unusuallii high degree. Ihfir consrrucHon bemg novo tDcU-hnoton, i\ toill be sumcient to mniHon 
that in this fonn of escapement (6cnnan patenr Tlo. 90,739) the pendulum oscillates abso- 
lutelv freelv, motion being imparted \o i\ while in the centre of its swing bv the 

fendulum spring itself. Ihf mercurv compensation pendulum r6erman patent Tfo. 60,059, 
ig. t) consiste of a thin-walled steel tube, about noo thirds or whidi are fllled with mercuni. 

Dr.6uillaume haoing, about three uears ago, drauin attention to the remarkablv ^^^ coefficients of 
erpansion possessed bt^ certain nidiel-steel alloys, Dr. S. Riefle r subjected this material to compre- 
hcnsine tests. These erperiments hane shouin it to be, under certain conditions, eminentlv suitable 
for the construcHon of compensation pendulums and haue resulted in 
the construction of a nidiel-steel compensation pendulum r6erman 
patent no. 100,970, Tig.3), whidi consiste of a rod of nidiel-steel and 
compensating tube and the lenticular bodi| hauing its aris of grauity 
resttng upon the compensating tube. Ihe coefflcient of erpansion of 
the compensatino tube bears a definite relation to that of the nidiel- 
s^el rod. Tot this end the compensating rod is not made of a Single 
tube but consists of two tube pieces of different metals, whose coem- 
cients of eipansion differ widelii. the lengths of the two tubes are 
sitdi as to jointlv produce in eneru case the desired compensation, both 
rods together hauing in all penduhtms the same length at the assumed 
normal temperature. 

In Order to eliminate the influence of dunges in the barometric 
pressure upon the movement of clodis, ttie latter are constructed in the 
form of t.Qodis with air-tight couers, and 2.aodis uiith baro- 
metric compensation. 

t. the Clocks fitted with air-tight cooers (Fig. 3) are mounted 
in a glass cylinder and hermeticallii closed by a ground-on bell glass. 
this manner of mounting possesses the additional aduantage of render- 
tng the medianism of the clodi easilu accessible, as it is onlu necessary 
to Uft onr the bell glass. 

tlie clodi is driuen either bu an ordinaru set of weights, the cord 
of whidi passes throttoh a stuffing boi, or ir is drioen electricalli|. In 
the latter case, a uieigrited drioing leuer attadied to the minute spindle 
of the movement is allouied to gradually sink to a certain depth and 
ttien raised electricallii at interuals of 5 to 9 minutes, the current 
beino suppUed by two dru cells. 

tne amplitude of the osctllations can be read accuratelu mithin Vio^ninu^^ 
of are bu a microscope and glass scale mounted mithin the bell glass. 

Rn elechic contact marking seconds transmits the oscillations of the pendulum to the dironograph. 
II is actuated bu a wheel mooement and does not interfere with the accuracv of the clodi, as shouin 
tni practical and independent obseruation. 

2. the barometric compensation of the pendulum consists of a circular aneroid attadied to 
the pendulum rod. the upper boi of the aneroid is loaded bi| a weight whidi, follouiino the (luctua- 
tions of the atmospheric pressure, altematelii rises and falls. lOhen the air pressure increases, the 
aneroid dumbers are compressed, the said uieight rises a little and thereby imparts to the pendulum 
a certahi acceleration uihidi is equiualent to the retardation uihidi, in the absence of this deuice, the 
pendulum uiould sufftr in consequence of the increased density of the air. 

the uieight referred to consiste of metal disks, the number of uihidi mau be increased or diminished 
as mav be required to obtain perfect compensation. the indications of the aneroid can at anu time 
he compared loith those of a mercurial barometer bi| means of a dial and pointer attadied to the in- 
shrument. 

the following clodis are erhibited: 

t. Rn astronomical Clodi (Fig. 3) in an air-tight glass case, fijtted uiith a free es- 
capement (6erman patent Tlo. 50,739), nickel-steel pendulum (6erman patent Tlo.t00,470) and 
electrical contact marking seconds. 

2. Rn astronomicat Clodi (Fig. 4) in mahogany case with free escapement (6erman 
patent tU). 50,739), nickel-steel pendulum (6erman patent no.t00,970), barometric compen- 
sation and electrical contact marking seconds. 




Fig. 5. 
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3. R Chronometer (Fig. 5) loith decimal hour dial (120,000 pendulum beats per dai|), in 
mahoganu case, toUh free escapement (6erman patent llo. 50,130), nickel-steel pendulum 
(6erman parent no.tOO,$701 and electrical contact markina seconds. 

Uitti reference to this ciodi it mai| be interesting to note that, althougti there is no immediate ne- 
cessity for relinouistiing the customaru dioision or time in fanour of decimal time, yt\ it seems that 
ttie question of tne decimal dioision of time is still engaging considerable attention, so mudi so tliat 
it appeared desirable to take due cogniiance of one or the other of the propositions adoanced to this 
end; and of these propositions the onli| one lihelii to be practically realiiable appears to be the diotsion 
of the dav into 24 hours, as heretofore, the hour into 100 minutes and eadi minute into 100 seconds. 
£adi dav would accordinglu embrace 24 x lOO x lOO = 240,000 seconds. R pendulum beating these decimal 
seconds would, howener, be inconoenientlv short, and hence it has been found desirable to cause tlie 
pendulum to beat double seconds, so as to make 120,000 oscillations per dai|, its length being 5 15-2 mm. 
the terms minute and seconds are in that case appropriatelii disused, so as to obotate misconceptions, 
a better plan being to mrite the submultiples of the hour in the form of decimal fractions. 
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5. C. R. steinheil Söhne, Munidi, t theresienhohe. 

Optica! and Hstronomtcat Uorhs. £stablished t$55. 

Proprietor: Dr. Rudolf Steinheil 

(See also Sections Vb, Ve and Vf.) 

I. Optical Parts of Rstronomical Instruments. 
A. telescope Objectioes. 

t. Binary Objectioes: a. of ordinary flint and crouin glasses, ratio of aperture 1:$ to 1:50; 
b. of new Jena glasses without secondary spectrum, ratio of aperture 1:1$ to 1:90. 

2. Triple Objectioes (of great Ught-gathering power): a. of ordinär^ flint and crown glasses, 
ratio of aperture 1:4 to 1:8; b. of neui Jena glasses without secondaru spectrum, ratio of aperture 
r.io to 1:18. 

Hni| of these objectioes can, if desired, be adiromatized for the diemical part of the spectrum for 
Photographie purposes. 

Ihe mounts are of brass in the case of the smaller objectioes not erceeding 5 indies, but steel is 

emploiied for the mounts of the larger objectioes. nidiel-steel, cosHng 
about 10 per cent in actss, may be substituted for steel so as to 
obtain greater uniformity in the erpansion of the mount and glass 
at difTerent temperatures. 

B. eye-pieces. 

t. Hstronomicat £i)e-pieces: a. Fiitten2uiei|*s ad eye- 

{Heces, being improned Hui^ghenian eye-pieces, forming the 
mage between the lenses and hauing an apparent fleld of about 
50**. b. Hdiromatic AF micrometer eye-pieces, forming the Image 
in front of the lenses and embracing an apparent angle of about 
40"* C. c. nonocentric or AG micrometer eye-piece, free from re- 
riection, forming the Image in front of the lenses and haoing an 
apparent fleld of about 96^ d. Hplanatic or AH micrometer c^e- 
plece; free from reflection, formina the Image in front of the lenses 
and subtending an apparent ang(e of about 20^ 

2. Terrestrial £ue-pieces: a. ordinär^ or BD terrestrial rye- 
pieces consisting of four plano-conuer lenses embracing an apparent 
anale of about 44**, adapted for binary telescope objectiues. b. Hdiro- 
matic or BF terrestrial eve-pieces consisting of four adiromatic 
objectioes and embracing an apparent angle of about 40^; adapted 
for triple objectioes. 
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II. Complete Instruments. 

t. Smalt TelCSCOpe toith table stand for astronomicat and terrestrial obsemations, as stioion in 
the Illustration, tottti portable polished boi. 

the telescope is or brass and is fltted toith radi and pinion monement, a terrestrial and ttiree 
astronomical eye-pieces and a dark-glass. 

Itie telescope is equatoriallu mounted and mones bi| band; the stand is fltted toith clamping scretos, 
elongation-tube and tripod toith elenating scretos. 

2. Photographic Telescope toith negaHoe nugnirylng lens. 

the tube is of orass and fltted toith an objectioe of 6$ mm (2V4') aperture and a negatioe (Barloto) lens, 
ttic resultant equioalent focus being abour 750 cm. Ihe ertreme length of the mstrument is 120 cm. 

the outflt includes an instantaneous shutter toith pneumatic and band release, a flnder and fo- 
cussing screen for solar Images, radi and pinion for accurate focussing, camera toith focussing screen 
and ttoo darh-slides for 9x12 cm plates. 

the camera can be rotated round the telescope avis and is fltted toith a flange graduated into tohole 
degrees. 

this telescope is primarily designed for solar and lunar photographii, the diameter of the Image 
being about 1*5 cm. there is no stand, the Instrument being best mounted upon the tube of a large 
clodi-drioen refractor. 

3. Cotnet'Finders. Small loto power telescopes of considerable light-gathering potoer and em- 
bracing a correspondinglii large fleld. Rdapted for the detection bi| band of comets and faint objects. 
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6. 0. Töpfer, Potsdam. 

Mäher of Hstronomicat 1nstruments.-^stabtished in t8T3. 
(See also Section IV.) 

t. Protuberance Spectroscope, as suggested bn H. COogel. this spectroscope satisfies two 
essential requirements: tt possesses a high disoersion and great stability. 1t is fltted toith ttoo quin- 
luple prisms of the direct oision form, one of tohich can oe readili| toithdraton. R large surface is 
crposed for attadiment to the telescope. the anterior part of the spectroscope is mounted on a rigid 
tube tohidi is freelii perforated so as to preoent the accumulation or heat totthin the tube. the slit is 
adjusted bu a Key projecting outside the tube. the telescope is (Itted toith coarse and flne adjustments 
for obserotng certain regions of the spectrum, a graduated arc seroing to predetermine the desired 
Position, the spectra or protuberances are measured bi| a differential e^epiece-micrometer. the entire 
spectroscope can be made to rotate in its Shell for tangentiallv or radialli| adjusting the slit toith respect 
to the solar edge. this rotation being Uheuiise controlled bt^ a dioided circle, the angular position or 
a protuberance at the sun*s edge can be read off toith ease. 

2. Prof. MÜUer's Uedge Photometer for celestUl photometni, aoalUble for Stars up to the 
eigtith maonitude. the mount is of the elbow type and is adjustable for any polar altitude. the objec- 
tioe (aperrure 55 mm, focus 60 cm) is situated at the end or a lateral rotatin^ arm. In front of the 
objectioe is mounted, inareooloingcasing, a totallu reflectino prism, to tohidi is attadied a graduated 
arc showing star declinations. the hour circle is dioided info interoals of 4 minutes of time and the 
lumr anales are adjusted by a piain pointer. Uithin the large cube there is a second totally reflecting 
prism. the evepiece sleeoe is directed totoards the poles, the obseroer need therefore neoer dünge bis 
posiHon. the evepiece is replaced bu the toedge-photometer proper, tohidi is prooided toith means for 
regishration. the toedge is made or neutral glass and is 65 mm long. R dtsplacement of t mm cor- 
responds to a magnitude internal of 0*2. ttoo closely apposed steel laminae are (Itted at right anales 
to rhe movement of the toedge in the common focus or the objectioe and photometric evepiece. the 
eyepiece sleeoe is (Itted toith a small position circle, by means of tohidi the photometer can be ad- 
justed in sudi a manner as to place the laminae in the direction of the diumal mooement tohilst the 
Stars pass through the fleld totthin the internal between the laminae, thus traoersing the toedge at 
rigtit anales to the direction of the mooement. 

Zwo Instruments of this bind toere used bi| Müller and Kempf on an erpedition to the summit 

of Hie Ctna, tohidi toas undertahen toith the object of studi|ing the absorption of stellar liaht bi| the 

atmosphere of the £arth. (See Publications of tne Rstro-physical übseroatoni of Potsdam, Xl, p. 227.) 

Borh Instruments are the propertii of the Roval Rstro-phi|sical Obseroatorv of 

Potsdam. 
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7. Carl Zfiss, Optical Works, Jena. 

(See also Sections Vb, Vc, Vd, Ve and Vf.) 

Rstronomical ObjecHves for Observation and Photographv. 

trycr since the beginning of Ms cenhtni mani| fuHle attetnpts haoe been made to remove or at ani| 
ra^e diminish the secondani spectrum in astrononiical objecHues. this fatlure toas mainlv due to toant 
of suitable glasses, hautng^at least as far as the oisuat part of the spectrum is concerned^Hieir 
partial dispersions uery uniformln proportional. 

Ihe efforts of Dr. Schott, of 3ena, resuUed for the (Irst time in t8$6 in the production of glasses 
satisfying these special reouirements. Unfortunatelv, these alasses toere not onii| ertremelii difRcult 
to produce, but thev ladied permanencv, otoing to the Substitution of phosphoric and boric acid for 
siticic acid. 

During the last few years Dr. Schott has successfuUv resumed the erperimental production of 
suitable durable glasses. Ihe prindpal constituent of these neui glasses is silicic acid, the glasses 
are permanent, and vield withtn the spectral region of C to F an almost completelii proportional 
gradation in the partial dispersions. 

Ihe binaru astronomical obiectioes made from these new 3ena's alasses disclose at most a sUght 
tertiary residual spectrum. Owing to the completeness with whidi the luminous rays are brought to 
a focus these objectioes yield a considerably improoed brightness and defining power and admit of the 
use of hiah-power eyepieces. 

Ihe trmal objectioes consist of three different kinds of glasses, their ratio of aperture is t:t2 and 
they are completelu corrected sphericallu and du^omatically within the spectral region ertending from 
C to G', whidi renders them equallu well adapted for Observation and photooraphii. 

Rstro-photographs of ertensioe stellar areas can also be taken by means orphotographic lenses made 
from the neu) glasses as the Images formed by these objectioes are ertremely small and Sharp, and 
also because the latter possess in proportion to their apertures a considerably increased diemical efnciency. 

t. HpodiromaKc Binary Telescope ObjecHoe without secondary spectrum of $$Omm aperture 
and tOm focus. Relatioe aperture l:t8. Trom Jena telescope-crouin and telescope-flint. 

2. The same ObjecKoe of 92$ mm aperture and $*$ m focus. Relative aperture t : t$. 

these objectioes are completely corrected diromatically within an intermediate lone with respect to 
the spectral region ertending from C to F, the tohole of the rays are therefore oeru nearlu brou^ht to 
an accurate focus. Ihe secondary spectrum is, bu this means, reduced to about Vio of that eitsting 
in ordinary telescope objectioes, as far as oisual ooseroations are concemed. 

3. HpodiromaKc Trinal Objectiue of t$0 mm aperture and rzo m focus. RaHo of aperture t : t$'5. 
rhe secondaru spectrum as toell as the diromatic difference of spherical aberration (6au ss*s postulate) 
are, toithin rhe spectral region from C to G', reduced to an imperceptible residue. Ihis objectioe is 
therefore aoailable, without the addition of a compensating lens, for the photography of the heaoens 
as well as ocular Observation. 

4. H Similar ObjecHue of 12$ mm aperture and t'59m focus. Ratio of aperture t:t2. 

• 5. HpodiromaKc Hplanat for astro-photographic purposes. Diameter of objectioe 120 mm, focus 
t'OOm. Ratio of aperture t:tO. Ihe secondary spectrum is corrected toithin the spectral region from 
F to h. In spite of the moderate aperture the objectioe yields great diemical intensity owmg to the 
complete concentration of the diemical rays. 
Inis objectioe is adapted for the photography of star-clusters and for cartographic photography. 

6. ObjecKue-prism of ftint-alass haoing a refractioe Inder of t*57 and a refracting angle of 4$^ 
for the pnotograpny of stellar specrra with the aid of Short focus objectioes of Wide aperture. 

T. equatoriallt) mounted Traoelling Telescope/ suggested by CMach. Enrectioe aperture 12 cm. 

$. Carge and smalt Mirrors made of C. Mach*sspeculummetal(magnesium-aluminiumaUoy). 

Price-lists of astronomical objectioes and Instruments, published in 6erman, Frendi and Cnglish, nuy 
be had free on application. 
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IIL Suruetjing and HauUcal Instruments. 

a. 6eodeKc1nstruments. 
t. Carl Bamberg, Friedenau near Berlin, 39/4t Kaiseraiiee. 

Scientific Instrument Mäher and Optician. 

established tSTt. 

telegraphic address: Bamberg-Priedniau.^telephone: Priedenau no. t4. 

(See also SecHons 111 c and IV.) 

t. Renoloing Transit Instrument with elboto telescope of 40 mm aperhtre, for astronomical 
and suroqiing purposes. Ihr azimuthal drde is fuUy dioided and cooered, its diameter being UO mm. 
Both drcles read bv microscopes. the inshitmait is (Itted toith vertical hanging bubbles and the 
transit avis is counterpoised on the balance beam principle. Ihf taUer is fitUd uoith medunism for 
Urning i\ out of its bearin^s. Ihe movement of the oertical spindle is adjustable. Ihe spedflcation 
tndudes a (Inder, fleld-illumtnation and moderating glasses, bubble alhidada toitti damping micrometer 
rotating through 0(r. 

2. Precision Heliotrope, this Instrument differs from the simple Bertram heliotrope 
in the foUotoing respects:-^the signalling tube is mounted upon the signalUng aris, whidi can be 
rendered oertical bu means of a splrit-leoel. Tor this purpose a heaou iron screw or bolt fltted with 
a moDable head and capable of horizontal adjustment is made to hold the screw of the signalling ai is, 
whidi also fiies the point tohence the Signals proceed. 

9. Plumbino Staff, for showing the position of points along a oertical line. H decimetrical disk 
is emploiied to determine linear difTerences in the projection of points situated at different eleoations, 
whidi cannot be measured bi| direct means. 

4. Botts for sharplii marking the terminal and intermediate points of base4ines. 

the objects 2, 3 and 4 are the propertii of the Roi|al Suroeii Office of Berlin. 



2. J. & R. Bosdi, Strassburg, Rlsace. 

Philosophical Instrument Mähers. 

(See also SecHon 1.) 

Iriple Horizontal Pendulum constructed onRebeur-Ehlert's principle, Tigs.t and 2, consist- 
ing or a horse-shoe cast iron casing within uihidi are pinoted three eouidistant pendulums of the 
fdrm of tsosceles triangles, suitablv balanced, weighing ttOg eadi., &un end of the base is fttted 
toith agate bearings nn^ the upper of uihidi is part of a sphere with a paraboloid depression, whereas 
the \omcr has a v-groooe. rhependulum is fltted uiith two flrmlii supported steel pioots 88^ uihidi 
rest upon the agate bearings. the lower pioot is horiiontal, the upper points towards the intersection 
of tfie Hne through the centre of graoity and the horizontal pinot produced. the line joining the 
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centrcs of the bearings, i.e., the avis of roUHon, is SOmin long, and the distance of Hie centre 
of gravtty front this aris is approyimatelii 62 mm. The total loeight of the anterior pendulum is 
t$5g, that of eadi of the ttoo posterior pendulums Uta. ttie afis of rotation can be inclined 
more or less toith respect to the oertical line so as to estabtish any desired degree of sensi- 
tioeness. the pendulum can, accordingli|, be made to mooe perceptibly in response to dunges of 
inclination within the thousandth part of a second of arc. this horiiontal pendulum is. 

therefore, b^ far tne most sen- 
sitive apparatus for obseroing 
oscillations of the oertical line 
under the influence of solar heat 
and lunar attraction. Its sensi- 
tioe response to the slightest 
changes in the inclination of the 
oertical line renders the pen- 
dulumadapted for seismographic 
obseroations, both in near and 
distant earthquakes. ühecombina- 
tion of three pendulums seroes to de- 
termine the time and direction, ampli- 
tude and periodicity of the obseroed 
seismic disturbances. Ihe mouements 
of the pendulums are registered opti- 
calli|. Tor this purpose eadi pendulum 
is ntted mith a concaoe mlrror and 
the casing has affbred to it a Station- 
äf^ mirror, all haoing definite radit 
of curoature. H lamp and registering 
apparatus is placed In the centre of 
curoature of tnese mirrors. the raiis 
reflected h^ the mirrors pass through a 
horiiontal cylindrical lens, mounted in 
front of a drum cooered mith sensitiied 
paper upon mhidi the concentrated rai|s 
trace sharplu deflned points, those due 
to the fifed mirror seroing as a time 
Tig.t. marker. 




Rnterior pendulum. 




Fig. 2. 
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3. R. Fuess, late J. 6. 6reiner jr. & 6eissler, 

Steglitz near Berlin, T/$ üüntherstr. 

Medianical and OpHcal t9orks, 

(See also SecNons IV. Vb. Vd and Vg.) 

A A 
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Seibt-Tuess*s HutomaHc I9attr-tnarh Registtring Tloat, as desoibed in rhe Cenh^aibtatt 
der Bauoenoalhmg tl93, p. 942; t$97, p.563. Tig.t. 

Seibt'TuesS*S RutomaHc Itottr-mark, as desoibed in the CentralbUn der Bauoenoathing 
t$97, p. 563. 

Seibt-Tuess's HutomaHc PneumaHc lOater-marli, as shoum in nie iUustraHon and as 
described in the Centralbtatt der Bauoenoalhmg 1196, p. 202. Tig. 2. 

Ordinate and Rbscissa Reducer, as described in the CentralbUrt der Bauoenoalhtng tS9l. 
p. 572. 

These instruments are the property of the Prussian 6ot)ernment Board of Public Uorks. 



4. Viax Hildebrand, late Rugust £ingke & Co., 

Freiberg, Saxony. 

naher of Hstronomical» Surueying, Nining and other Instruments. 

established tT9t. 
(See also SecHonlllb.) 

t. Untoersal Instrument with circles or 2t cm diameter, eadi dioision of the microscope drum 
reading to t". the telescope is coud^ and has a focus of 43 cm and an aperhire of 4t mm. U is 
RHed with an euepiece micrometer, and rtie telescope spindle is pierced for Reld-illumination. Ihe 
spiriMeuel is of rhe Horrebow tupe. thereuoluing honiontal circle is centralis clamped against the 
tripod and flrmly connected witti ir by Hghtening a thumb-screw projecting from the tripod rino. the 
Controlling telescope can Uheioise be Rrmlu clamped to the tripod so as to disclose with aDsolute 
certainty anu dianges in the position of the tripod as well as the horixontal circle white mahing 
measurements. the manner in whidi the horiiontal circle is Ried and the method of mounting the 
Controlling telescope are new. 

2. Caroe Eeoel Tester, adapted for the reception of complete Instruments so as to test their 
spirit-teuefs without the necessity of dismounting them, to illustrate whidi the universal instrument 
is erhibited Standing on the leuel tester. the uarious Instruments placed upon the tester are batanced 
bv a set of leoers encased in the base of the apparatus. One end or these leoers acts upon the mooablc 
arm of the tester, whereas the other end supporrs a scate-pan (absent in the erhibit), upon uihidi are 
placed weights corresponding to the weight of the instrument resting on the tester. the mooable arm of the 
tester is batanced b^ a sliding weight, until perfect equilibrium & established, and, that the measuring 
screio may worh under uniform pressure whateoer may be the weight of the instrument placed upon 
the ptatform of the tester, a small additional weight is pronided. 

Ute instrument is also adapted for testing anu sinate spirit-teoet with or without its mount. Tor the 
eramination of striding-leoels the tester is (Itted with elevated arms, and a separate stage is prootded 
for simultaneously eramining two leoeis (e.g. Horrebow leoeis). 

this instrument is the property of the Royal 6eodetic Institute and Centrat Office 
of the International 6eodetic Association at Potsdam. 



5. R.Tlep50ld& Söhne, Hamburg, 96 Borgfelder Minelueg. 

(See aUo SecHons I, II and III c.) 

Untoersal Transit Instrument, aoaiUble both as a translt Instrument in all aiimuths and äs 
a theodolite. the objectioe has a diameter of 6$ mm and a focus of $6 cm. the three eye-pieces sup- 
plied with the instrument yield magnifying powers of 120, $4 and 56. the telescope is fltted u>tHi a 
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Repsold registering tnicromettr, capable of rotation through 90*. Tor Horreboio obsfroations the 
qiepiece end is fitted toith hoo jturtaposed bubbtes lohidi can be (Inely adjusted bu a screio loorKing 
bdoio ttieir bearlngs. the circle is RHed loith an alhidada bubble, and the lenim-screio toorks er- 
cenhrtcaUi|. 

the carriers of the lateral friction rollers are mounted upon a balance beam supported beloio the 
middle friction roller so as to obtiiate unequal pressure on the lateral rollers. tne horizontal afis 
can bc renersed bu means of a horizontal lener carruing at its end a oertical beoel toheel, the teeth 
of tohidi enoage in a horizontal toothed loheel pronided loith screio threads and attadied to the main 
shructure. the rotation of the lener causes the reoersing qilinder screioed into the horizontal tooth 
toheel to rise, and toith it the horizontal azis. lOhen using the Instrument as a transit circle the 
Upper bodu should be rigidli| connected with the lotoer main structure bv means of four screios. 

the oertical azis is mounted downwards so as to heep the upper body as low as possible. 1t mooes 
lotthin an iron boz, and onlv a quarter of it is qiUndrical. the lower portton is conical and termi- 
nales in an obtuse cone whidi can be made to tum in a similar conical bearing in the lift-out qilinder. 
the latter can bu means of an ezcentric be lifted bodilu about t mm so as to cause the upper body 
of the instrumenr to tum freely on its azis, rendering it therebu aoailable as a theodoUte. the dia- 
meter of the azimuthal circle is 40 cm. the latter is guarded and dioided into 4'. the microscopes 
read to 0*2", being fltted with micrometer screws, two reoolutions of whidi correspond to 4'. the 
microscopes are prooided with two pairs of wtbs separated by a distance equal to tVi times the pihh 
of the screm so as to facilitate the adjustment and partiallv eliminate the screw errors. the ms is 
pierced for field-illumination bv means of electric incandescent lamps. 

this Instrument is the propert^ of the Roval 6eodetic Institute at Potsdam. 
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6. P. Stückrath, Triedenau near Berlin, tt nibestr. 

Maktr of Phi|sical Instraments, Tine Balances and Standard lOeigMs. 

(See also Section I.) 

Pendulum Instrument for Comparatiüe 6ramtt| Tleasuremtnts. the apparatus consists 
of a stand, four invariable pendulums haoing a periodicity of 0*909 second of sidereal time and a bell 
Qlass. In addition, the outflt includes a comcidence apparatus for determining the duration and ampli- 
rude of the oscillations. the stand is fltted with a solid circular plate whidi can be leoelled bu means 
of thrce elenating screws. Rt the centre it is surmounted by a hollom column whidi is stiffened by 
four ribs piaced at right angles to eadi other. the base, column and ribs are cast in one piece of 
gun-metal. to the upper edge of the column a stout brass cross is attadied bv screws in sudi a posi- 
Hon that its arms bisect the angular spaces behoeen the ribs. three of these arms carry horizontal 
agate bearings, upon whidi the pendulums osdllate on agate hnife-edges. R thermometer mounted in 
tne form of a pendulum is suspended from the fourth arm for measuring the temperature of the pen- 
dulums. the circumstance that hoo pendulums swing in one plane and are opposite to eadi orher. 
fumisties a reliable and simple means for determining the syndironic oscillations of the pendulum 
bearlngs. the determination of the force of grauity is therefore based ezclusioely upon the mooements 
of ttiese tu)0 bearings, whilst the third bearing is aoailable for obseming a conh^olling pendulum 
Showina irregularities in the movement of the clodi. the obseroations relating to the coincidence with 
ttie clom pendulum and the ampUtudes are made with the aid of the coincidence apparatus, whidi is 
set up in the plane of oscillation of the third pendulum. In the case of this pendulum the Observation 
is therefore dtrect, whereas for the Observation of the other tu)o pendulums tu)0 rectangular prisms 
are attadied to the cross. lOhen in use the apparatus is covered with the double-walled bell shade. 
the latter rests with its ground Hm upon the edoe of the base plate and thus permits of the air 
mithin being rarefted to 0*9 atmosphere so as to mminish the damping effect of the air and also 
facilitate the ezact determination of the temperature of the pendulum, mhtdi is of the greatest import- 
ance in relaHve measurements. 

the pendulums consist of a lens, pendulum rod and head piece fltted loith agate hnift edge and 
mirror. the head piece is shmnh on by heating and subsequent cooling. 

ttie apparatus is the property of the Royal 6eodetic Institute at Potsdam. 
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T. Eudioig lesdorpf, Stuttgart, rt Forststr. 

Maktr of ScittiHfic Instrarnrnts of Prtcision. 

Specialihi: Rstronomical and Suruqjing Instramrats. 

(See also SecHons III b and IV.) 

t. Untoersal Instramait. Circles 99x30 cm. mtcroscope reading \\ £lboto-teUscope flHed toiHi 
prism and special cenlreing arrangement Diameler of objecHoe 94 mm. telescopic magnificaHons M 
and T6 diameters. (Toctis 69 cm.) Uith tilHna medunlsm. the leoel carrier is made of cast alumintum 
so as to ensure lighhiess. the lohole is consrructed in sttdi a manner as \o absolutely obniate strain 
on indinidual parts. 

2. Portable Transit Instrument. Objectine 4$ mm dlameter. lOith hoo evepieces vielding magni- 
ficaHons of 36 and 92 diameters. Tinder-circle of 19 cm, diameter dinided into %"* and reading l'. 
Decimal micrometer adjushnent. the loioer structure is made of cast iron. Hie leoel carrier and holder Ac. 
are made of aluminium Ihroughout. the design is sudi as \o completely oboiate slrains in any of the 
parts. the 2 to 3 seconds bor-leoel is corrected bv a leoelling screw of 0*2 mm pitdi. the enHre rider- 
level, including the mirror, weighs onli| t*290 kg. 

3. Prof. Dr. Schmidts IrifUar 6rat)iometer, or Seismograph. Changes in the acceleraHon of 
graolty, especially those due to the oertical mooements of the ground occurring in seismic disturbances. 
cause a weight with mirror maintained in a State of torsion by a spring and suspended by three 
threads to rotate about a oertical aris. the amount of rotation can be read bu the comparison of two 
stationär^ mirrors fltted abooe and below the monable mirror, or it mav be reglstered photographically. 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

$. Julius Wansdiaff, Berlin S.O., t eiisabethufer. 

Klathematical and Rstronomical l9orks. 

(See also SecHon I.) 

t. Theodolite for angular measurements of the first order. circus 27 cm diameter di- 

oided into ytl^ Dioisional error 0*2' to 0*9'. Nicroscopes magnifying 26 times, fltted uiith num- 
able cross-ltne micrometer et^epiece, t reoolution of the micrometer-screm being 2', t dinision of the 
drum = O'l'.^the telescope has an aperture of 6t mm, focus of 690 mm, three eyepieces magnify- 
ing 4t, 62 and 72 times respectioelv. 

this Instrument is the property of the Royal Suroey Office of Berlin. 1t ums made 
in tm and has since frequentlti been employed for triangulations of the Rrst order. 

2. Disual Zenith Telescope for determining polar altitudes after the method of Horre- 
bow and talcott, i. e., for measurino the differences of the lenith distances of two stars culminating 
respectioelti in approrimatelti eaual altitudes north and south of the 2enith. the Instrument is nunmted 
in altaiimuth form and its circles are merely fpr the purpose of setting the Instrument and suroey- 
ing the stars, whereas the actual measurement of the 2enith differences, whidi should not erceed 19 
to 20minutes of are, is made bu the euepiece-micrometer and two mutuallti controllino Horrebou) 
leoeis, the carriers of whidi can oe ftrmh| clamped to the telescope. In order to render mis connection 
as solid as possible, especiallu in Opposition to dunges of temperature, the usual clamp and micro- 
meter-screw is eyclusioelti used for approf imately setttno the lenith distance, whilst a screw fltted at 
the end of the hori2ontal aiis clamps the leoel carrier nrmly against a large annuiar surface forming 
the end of the aiis. 

there are two clamps for the aiimuthal movement, one being of the ordinary type for determining 
errors of position, when the Instrument is used lihe an ordinary universal Instrument, the ottier 
consisting of hoo stops attadied to the aiimuthal circle and adjusted in sudi a manner as to cause 
the telescope to pass through the meridian in either position or the circle, without tahing a reading 
eadi time, by simply clamping the telescope against these stops. 
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the teltscope proper is protected frotn Hie influence of radUted heat b^ being surrounded b^ anoHier 
habe tohidi is connected voWh the telescope at the middte, i. e., near the aiis, but othenoise does not 
towh it. 

the hiQh deoree of accuraqi of tohidi this instrument is capable and, in particular, the comparatioe 
absence o? svstematic errors, renders the zenith telescope eminentiu adapted for obseroina the dunges 
of polar altmide. Rs an instance it ma^ be stated that, apart nrom tts use for a pertod of seoerai 

?ears for obseroing polar altitudes at Potsdam, it was emploved at Honolulu in a series of obseroations 
1191/92), whidi, concurrentlti with European and Rmerican obseroations, fumished conclusioe proofis 
of the reality of the oscillation of the aiis of the earth. 

rhis desion has senied as the prototupe for a whole series of other, mostlv large, Instruments 
constnicted by this firm, though modifled hy the introduction of small hnprooements in the details. 
this instrument is the propertti of the Roval 6eodetic Institute at Potsdam. 

3. Photographic Zenith Telescope, as suggested b^ Dr. n. marcuse. this telescope difTers 
fssentially from the precedino instrument merelv in that the eyepiece micrometer is replaced bu darh- 
slides for dry plates upon umidi the two stars under obseroation are made to trace linear paths, the 
distatue between them being measured bv means of a special plate micrometer. this latter Operation 
tahes the place of the method of micrometric reading, as adopted in the case of the oisual zenith 
telescope. 

this instrument has been constructed for eiperimental purposes so as to compare the merits of 
Horrebow*s oisual and Photographie methods. the dimensions are iarger in the case of the Photo- 
graphie Instruments so as to obtain bu oirtue of their increased light-gathering power sufncientlv 
dlstinct tradngs of all stars seen in the oisual telescope. 

the objectioe, whidi is made bv Steinheil of Nunidi, is adiromatiied for actinic raus and yitlds 
Images, whidi, though considerablv coloured oisualli|, are sufRcientlu clear for accuratefu setting the 
instrument with the aid of an elbom eyepiece, whidi can be substituted for the plate-holder. 

this instrument is the property of the International Oeodetic Association Suroev 
Office at Potsdam. 

4. Instrament for lestino large dioided Cirdes andfordeterminingtheamountofdlolsional 
errors. Zwo rails are mounted by means of four Standards upon a stationär^ disk. Tour microscopes 
fitted »ith terrestrial eyepieces and magnifying about 60 times may be mooed along and clamped to 
these ralls oerticallu abooe any circular graduanon not eiceeding 42 cm in diameter. the sliding pieces 
by uihidi the posifion of the microscopes is altered are prooided »ith a fine adjustment for mooing 
the microscopes at riokt angles to the radii, so as to accuratelti adjust the position of the former 
laterallu. Or these raus one is fUred, the other, together with its Standards and their connecting piece 
beUno the clrcle, can be tumed about the ails of the instrument and clamped in any position, so as 
to place the microscopes on both rails at anu desired angle with respect to eadi other. these adjust- 
ments are made with the aid of a dioided circle. 

In Order that the microscopes may be made to approadi eadi other within the smallest interoals, 
those mounted upon one of the rails are at right angles to the plane of the dioided circle, lohereas 
those sUdhig on me other rail are inclined outwards. By this means two microscopes can be mooed 
so closely together as to show the same line of oraduation in their flelds at the same time. the circle 
whidi is to be eramined, Is attadied to a reooioing disK, fitted with a clamp and flne adjustment. 
the circles are centred wlth the aid of a set of centreing disks supplied with the instrument and fit- 
ting a cylinder uihidi slips into a strictlu central caoitu in the main spindle and Is there held in position 

3 the constant pressure of a spring, the plane of me graduated circle can be adjusted so as to be 
solutely at riofit angles to the ails of tne instrument by means of an iooru-tipped surface gauge 
whidi fbres to the rails, and three adjustable eleoation plates. Central illuminarion is produced bu a 
flectric incandescent lamp added by the medianician Tecnner, the light of whidi is thrown upon the 
graduations by means of mooable lenses and mirrors. 

this Instrument is the property of the Royal Oeodetic Institute at Potsdam. 
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b. Suroeying, Mining and Eifploring Instruments. 

1. Georg Butenschön, Bahrenfeld near Hamburg. 

Scifntinc Instrament Tlaktr. 

this establishmenr underUkes the tnanufacture of oentral scienHRc and, in particular, astro- 
nomical and suroeying instruments. the specTaliHes of the Rrm are pochet and simple 

suroeuing Instruments. Of tlie iatter cuiss 
a constderable number is erported annuall^ 
and, consequentlu, specimens of these onln are 
erhibited. 

Particular attention is called to the Pochet 
£euels, 6erman patents nos.96,T9$ and 76,66$. 
R special feature of these Instruments consists in 
the ract thatthe spirit-lenel, cross-lines and Image 
can be niewed at the same time. though fitting 
into a case whidi is no larger than an ordinani 
cigar-case, these Instruments are erceptionall^ use- 
ful and superior to all others constructed for 
similar purposes. 
Erhibits: 

A. Podiet Instruments. 

t. Simple Podlft Ceod with ball and soAet 
Joint and adjustable foot, telescope magni^ing 




Fig.l. 



$ times, adapted for setting off right angles. 
(Tirm's catalogue llo. 9.) 

2. Pocket £eoel with bau and sodiet Joint, 
adjustable foot and micrometer clampina screui. 
the draw-tube is fltted with radi and pinion. the telescope magniftes $ times. the horiionul circle 
is about 7$ mm in diameter, dioided into Vt*" and reads to 60*. Fig. 2. (Firm*s catalogue Ho. 2$.) 





Tig.2. 



Fig. 3. 
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5. Pochet Theodolite, mitd 

loith horizonUl adjushnenl and 
adapted for simple riorifontal re- 
petition. The tclescope is of Iht 
terrestrial type, magnifies 5 times 
and is fitted lüith radi and pinion 
mouement. The instrument is 
fittcd loith a detadiable compass 
hauing a necdle 10 mm long and 
graduatcd into V,°. the horizontal 
circle is about tOOmm in dia- 
metcr and diuided into »/,", read- 
ing direct to 60". Ihe altihide arc 
embraces ±25" diuided into V,*, 
readingdirecno2'. Circularbubble 
for adjusHng the pin, and stand. 
Fig. 3. [Firm's catalogue Ho. 58.) 



4. Podiet Theodolite, similar to tlo. 3, but 
with eircentrically mounted telescope. Including all 
neccssary mining Instruments, sudi as a circum- 
ferenter with reüersiblc sights for fore and badi 
sighting, diuided arc and cunometer. (Firm's cata- 
logue TiO. 5T.) 

B. Surface Surueying Instruments. 

5. £eoels ujith reüersible telescope about 35 cm 
long and magnifgino 30 times, loith spirit-leoel 

naoing a sensitiüeness of 10". 
The horizontal circle, 12.5 cm 
in diameter, diuided into Vj** 
and reading to 30", is fitted 
loith a micrometer clamp. Ihe 
instrument is supplied in a 
polished case and loith a 
tripod stand. Fig. 4. (Firm's 
catalogue Tlo. 100 c] 

6. Repeating Surface 
Theodolite, fitted ujith re- 
üoluing horizontal circle 15 cm 
in diameter, diuided into Yj", 
reading direct to 20"; reuolutng 
altitude circle 12.5 cm diameter 
diuided into V^**, reading 
direct to 30". R spirit- 
leuel hauing a sensitiue- 

!^m ness of 30" is affired 

WM to the alhidada of the 

_ ^i altitude circle. Ihe tele- 

scope is reoersible, has 




ri9.6. 




Tig. 5. 
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an aperhire of 30 mm and magniftes about 25 Hmes. the instrument is supplied in a case and lotth 
a stand Rtted loith a metal head. Tig. 9. (Firm's catalogue llo. $$4a.) 

T. Staff-ranger. Reg. in 6cnn. D.R.6.R llo. $6,330, of oridiied brass loith sensiHoe circular bubblf. 
rhfse stafT-rangers are supplied in oery large numbers in consequence of their being the most con- 
nenient means for quidily ranging staoes and station-poies being besides auailable ror many oVm 
purposes. Fig. 6. (tirm*s catafogue llo. t$t.) 

the catalogue of this ftrm, tohidi may be had free on application, contains in about 200 pages of 
descripHne and iliustrated matter a large selection of Instruments. Further Information will also be 
supphed by the Superintendent in Charge of the Joint £rhibition of Flechanicians and 
Opticians. 

2. l. Ertel & Sohn, Munidi, 21 £ouisenstr. 

Reiche nbach's Mathematical and Nechanical Institute. 

t. Prof. Kreuter*S Projection ladieometer, as shown in the Illustration, for immedUtely 
determining the reduced lenels and horizontal ofTsets of any point sighted from the stand-point, for 
suroeuing and leoelling without calculation. Rt the same time a universal Instrument for engineefs 
leoellmg and suroeyitm worh. the Instrument is equipped with a reversible telescope, fltted with 
telemetric eye-piece, of'^SOmm aperture and 33$ mm focus, striding spirit-leoel and mirror, reading 

from rhe eyepiece end. there are hoo 
spirit-leoels at right angles to eadi 
other. Circle (400^1 of 162 mm dia- 
meter reading direct to t', and finder 
dinided in Vs*" with pointer. Gradua- 
tion on siloer. the limb and oemier 
are protected bu metal cooers fltted 
u)ith glass plafes and are read by 
mooable magnifiers. Ueight $ kg. 

2. Nedium-sized Universal 
CeueUing Instrament. the hori- 
zontal circle has a diameter of 140 mm 
and reads to 30' by hoo oemifrs and 
mooable magnifters. the Umb and 
oemiers are protected bv a nictal 
casing fltted with glass cooer. Ihe 
altitude are has a radius of 6$ mm 
and reads to t' by a double oemir 
and mooable magnifiers. the circlcs 
are graduated on siloer. the tele- 
scope has an aperture of 39 mm. 
a rocus of 336 mm and ntagnifles 
22 times. tt is fitted with a telemchic 
et^epiece with constant 100. £eoel 
witn mirror, oisible from qiqiiecc 
end. the Instrument has another 
spirit-leoel for rapidlu setting it in a 
horizontal position. tOeight 4.S kg. 

3. Fork £eoel (small ertcl Icuel 
without circle), on brass trtpod, totth 
telescope haoing an aperture of 33 mm. 
a focus of 270 mm and magntfiiin^ 
20 times. Rt the side of the supports 
a pointer seroes for erpedinoushi 
setting the telescope in a horizontal 

Eosition. the spirit-leoel is oisible 
y its mirror from the eyepiece end. 
' eight 2.3 kg. 




tu 
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4. PoliigonaHng Theodolite (ardittecfs theodoUte, tadieometrical theodoUte) witti hori- 
zontal drcU of 1$0mm diamettr reading \o 90' direch the limb and oemiers are protected by a metal 
casinQ fiUed loith glass plates. the alHtude arc has a radius of 70 mm and reads direct to r by a uemier. 
rhe circles are graduated on siloer and read bu mouable magnifiers. the alhidada has a circular bubble 
and Hie frame is fitted at i\s side loith a habe tenel. the tefescope has an aperture of 27 mm and a focus 
of 244 mm. U is reversible on Ihe objectioe side and is equipped loilh a relemehic eye-piece, haning a 
constant of 100. the lelescope is ftlled loilh a reversible and detaduble spiriMevel. lueighl $ kg. 

5. ladieometrical Compass (field and forest compass) for topographic surueys, mounted 
on hipod, and ftMed loith a lelescope haning an aperture or 20 mm and a focus of 17$ mm and lele- 
mehic eyepiece haning a conslanl of 100. the lelescope is fllled loilh radi and pinion. the alH- 
hide arc has a radius of $0 mm, il is dinided inlo Vs*" on silner and reads by a poinrer and magnifter. 
the slriding compass has a sensiliue needle 10 cm long, wilh an ercellenl central lodiing arrangement. 
the compass circle is dioided into sinale degrees. the telescope together with the arc is reversible so 
as to correct the collimation. R tubulär level is at the side. the Instrument is pronided with hori- 
zontal coarse and ftne adjustments. Ueight 9 Vi kg. 

6. Rötfier's Reflecting Circumferetiter (D.ite.m. no.$i,44$), consisting of two mooabu 

mirrors, circular bubble and compass. Roailable as a circumferenter for the graphic reproduction of 
dtrections for plane table and topographic surveying, as a compass for measuring horizontal angles 
and as a protractor for plotting the angles measured with the compass. 

7. Heller'S Orientating Instrument (D.R6.m. no.OO.oeo) for supplemenHng and correcting 
positions on maps and plans, also for the graphic surveti of small tracts of land. the compass is 
Z cm in diameter. Circular lenel. the telescope magniftes $ times and is fltted with a telemetrical 
eyepiece, haoing a constant of 100. 

8. Hydrometrie Propeller, indicating by dirrerential wheels 1,200 revoluHons, reading to V, re- 
oolution. the threepropeller blades are made of aluminium and have an eztemal diameter of 19 cm and 
a width of 2S mm. there is no rudder and the apparatus is fitted loith a oery conoenient form of release. 

9. Certificate relating to a hydrometric propeller tested by the Hydrometrie testing Department 
of the Royal Polutedinic Sdu)ol, of Flunidi, showing the coefficients and a graphic representation of the 
equation eypressing the oelocity of the water current. 

to. Dratoing of the Motor Car employed for these tests. the car has been built at the caniage 
worhs of Jos. Rathgeber, of Nunidi, from data supplied by Prof. Dr. Fl. Schmidt. 



3. ö.Talter & Sohn, Wunidi, ssKreuzstr. 

Nedianical Institute. 

H. Frank*S Hydrometrie Tube serves the purpose of determining, by one Single Observation, 
the mean oelocity of the vertical component of water currents. Its construction is based upon the 
method of determining the mean hydraulic pressure, the latter is produced in a perforated habe hao- 
ing the holes placed against the current and causes the column of water to rise within the tube to a 
certain height above tne water-level according to the mean dynamic pressure, the reading is taken 
b^ means of a manometer indicating meter-seconds. 

the Instrument is available for all hinds of hydraulic measurements in canals, streams and rioers, 
and has already been used for a number of years by various administrative bodies and tedinical 
Colleges in Russia, Rustria, Italy and Oermany. 

Turther Information will also be given on application. 

4. Otto Tennel Söhne, Cassel, s worthstr. 

Tianufacturers of Suroetjing Instruments. 

t. Repeating Theodolite without altltude circle, wlth Umb 12 cm in diameter, cross-levels 
on the alhidada, reversible and transit telescope and striding level on the telescope spindle. Fig. 1. 
this model is made in two sizes, with limbs 10 and 20 cm in diameter. 

4* 
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2. Repeating Nining Theodolite with horUontal drcU wUh Umb of to cm intenul diametfr, 
atHhide drcte I cm diameter, cross-levels on the alhidada, rcoersibU and transit telescope, shlding 

tcvel, compass to rest upon the horUontal aiis 
and fletd tllumination through the spindle. 

this model is made in tioo siits, loith Umbs 
to and 20 cm In diameter. Tig. 2. 

i.KTtnntVs OrietitaHnglnsteummt 
for the magnetic orientation of polygonal sides 
in mines. 

this Instrument consists of a mining theo- 
dolite loithout altitude circle haoing a umb of 
t9.$cm in diameter, upon whidi is placed a 
Fennel orientating magnetometer. 

this magnetometer represents the first in- 
stance where the usual long magnet needle has 
been replaced bu a bell magnet suspended by 
a quartf ftbre. this method ensures a degree 
of sensitineness whidi erceeds by far that ob- 
tainable with magnet needles oscillating on 
pioots. 

the Instrument erhibited is theprop- 
erty of theRoualPrussianFIining Rca- 
demy at Berlin. A detailed descriprion of 
the Instrument, including illustrations and direc- 
tions foradjustingand treatinait, willbefound in the '*Nittheilungen aus dem Flarhscheider- 
wesen,** neue tolge. Heft t. tSOO. Published bu Crai k 6erlach, Treiburg, Sarony. Compre- 
hensioe tests haue been published by FIr.Bimler, or the Royal Flining Suroey, m the Zeitschrift 
f. praktische Geologie. Ilo. T. tioe. Published by Julius Springer, Berlin. 

4. Idagner-Fenners lacheomettr. this Instrument consists of a repeating theodoUte, 
haoina a horiiontal circle t$.9cm in diameter, a telescope fitted with telemetrical cross wires and a 
projector, whidi tahes the place of the altitude circle of tfie usual forms of tadieometers. Tig. 3. 

In all tadieometers prooided with an altitude 
circle, the horiiontal distance and elevation of the 
foot of the tadieometer stafT has to be calculated 
with the aid of a slide-rule or tables with respect 




\\v 
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lo Hie centre of Hie itistnimtnt from data supplied tra Hie stafT rcadhtg and Hie anaular alHhtde. 
the fdagner-Tennel tadieometcr etiHrclv oboiates the laborious process of tooKtng up tables 
and calcuUHon, as the horiiontal distances and sea-lcDcls at the foot of the staoes are giuen direct 

tni the projector. 

These tadieometers are fuUi| described in an 
Utustrated toorh entitled:^"Die Uagner-Ten- 
nel'schen tachymeter des mathema- 
tisch-mechanischen Instituts von Otto 
Tennel in CasseL Cassel l$$e.** and ••Sup- 
plements 1 and II, unr (Price ?1arks 9.) 
this booh discusses the theory of the prolector 
and supplies füll directions for the adjustment 
of the Instrument, also numerous testimonials 
supported bu numerical data, the Trendi edi- 
tion of this Dook, the price of whidi is Marks 9, 
bears the Htlei-^-Ces tach^om^tres I9ag- 
ner-Tennel de rinstitutmath^matioue- 
m^canique Otto Tennel k Cassel, Alle- 
magne, tllT. Paris, 6authier-Dillars, 
Imprimeur-Cibraire, Quai des Au- 
gustins 99.** 

5. Ctütl with rotating telescope, reoersible spirit-level and tilting screw with dioided drum. Tig.4. 

6. MintnQ Cotnpass, Cassel pattern, consisting of a oertical sector with compass and are, in 
leather case, and circumferenter in case. Fig. 9. the magnet needle is mounted with its edge uptoards 
and is T.9 cm long. 



5. Maar Hildebrand, late Rugust üngke & Co., 

Freiberg iSaxony). 

Vlaktrs of Rstronomical, Suroniing, Nining, Fletallurgical and other Instruments. 

established tT9t. 
(See also Sectionllla.) 

a. Rstronomical Instruments for Grplorers. 

t. Untoersal IraoeUing theodoUte wlth altltude circle of t4 cm dlameter and horiiontal circle of 
12 cm dlameter. the nemiers are read off without parallai by powerfitl microscope lenses. the ercentric 
telescope of 29 cm focus and 99 mm aperture seroes for the obseroation of the ecltpses of Jupiter*s moons. 

2. Hildebrand*s Untoersal IraoeUing theodoUte, (itted with aititude circle 97, cm in dla- 
meter reading 90' b^ oemiers, horiiontal circle lern in dlameter reading 60". the ercentric telescope 
has a focus of t2cm and an aperture of 20 mm and is prooided with artiftcial Illumination. 1t is 
fitted with a telemetric screu). Darious magnetic instrumenrs mav be mounted on the theodolite. this 
theodoUte has. In a large number of erpeditions, both in the polar and tropical regions, prooed its 
oalue as a conoenientlti and safelti portable Instrument of considerable preciston and adaptaDilitu. Its 
weight is 1.6kg. the Instrument erhibited Is the property of the 6erman Admiraltii. 

b. Sunjeliing Instruments. 

t. Screm Nicroscope theodolite wlth a reoololng horiiontal circle 16 cm in dUmeter, eadi di- 
oision of the microscope drum reading 9'. the oemiers of the altltude circle read 20". the telescope 
has a focus of 92 cm and an aperture of 92mm. the Instrument eihibited is the properrv 
of the Oerman Admiraltv. 

2. Rcpeating IheodoUte uiith estimating microscope. Horiiontal circie t$ cm in dUmeter, 
numbereif mlcroscopicall^ and diolded in Vi^ the Instrument is prooided with a microscope, by means 
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of lohidi eadi internal of Hie Umb is dioidfd into tO minutes and eadi minute mau be dioided Itito 19 
or eoen 20 parts by csHmaHon (6* or 9' respecHodti). The mean frror is db2'. thf felescope is numntcd 
tot centrat rransit on its trunnions, it has a focus of 90 cm and an aperhire of 32 mm. this in- 
strument is the propertv of the Royal Agricuttural College of Berlin. 

3. rachl|tnftrical ThfOdolttt, aWtd wilh round compass and stadiomeler screu). the oemiers of 
the 16 cm horizontal circle read 20", and those of the altitude circle 90*. 

4. Hildebrand'S CUno-tadieomrter, designed from suggesHons bv Prof.Ch. A. Dogler, and 
emboduing the fundamental principles of Hoorewe and Sanouet. the telescope is directed upon a 
uerticai scale stafT. Its guide rod is displaced l mm by the tilting-screio, the clampina arm and tele- 



scope folloto the movement before and after whidi the readino is taken. the internal a on the staff 
and the reading b taken on the guide rod (b being an integer) gioe the sighting distance = 100 a and 
the siohting elenation = ab + lower reading on the staff. the point of inrersection of the guide rod 



and tne clamping arm describes a strictlu rectilinear path on both parts. the horizontal circle is di 
nided into Vi^ and the alhidada is pronided with tmo nemiers and an auriliary Inder, the Instrument 
has also an orientating compass. thts Instrument is the property of the Royal Agricuttural 
College of Berlin. 

5. Rq)eaHng Tield theodoUte, (Itted with a t2 cm horiiontal drcle, reading to 90' bi| nemiers, 
and an altitude circle readino to 60' by oemiers. the telescope, whidi has a focus of 21 cm and an 
aperture of 29 mm, is mounted centrically in transit fashion and is Rtted with a distance thread and 
reversible spirit-level. 

6. Hildebrand'slelescopic Plumbing HpparahlS, foraccuratelypladngthecentresofsur- 
neying Instruments abone Station points. the bodu of the small telescope semes as the ai is of rotation 
of the Instrument and is adjustable nerticalli| oy means of intersecting spirit-lenels. the objecttoe 
mount is spherical, and flts into the cylindrical openino of a centreing plate upon whidi the apparatus 
is placed bu its tripod. the process of centreing is identical with that of the old Treiberg method origin- 
ated bu Htldebrand for mining theodolites and their signalling appliances. It is equalli| mell adapted 
for fleld sumeying with the aid of Signals. 

T. nagel and Hildebrand'S £eueUing Instrumtnt for measurements of the hlghest degree 
of precision, fltted with telescope of 44 cm focus and 41 mm aperture. the position of the spirit-leoel is 
Seen without parallai from the eye-piece end mith the aid of a maonifler, mirror and markings in- 
scribed upon the glass. the upper hody is tilted on its horizontal am bi| means of an elenating screw. 

$. CfOelUng Instrument wlth renerslble lenel for precise mork, constructed upon the same prindple 
as the preceding Instrument but simpler in detail, the focal length of the telescope is 96 cm only. 

c. Mining Instruments. 

(Specialitv of this firm for more than a Century.) 

t. Nining Theodolite adapted for repetitlon, haning a horiiontal circle of t6cm reading to* by 
nemiers and an altitude circle reading 90'. telescope of 27 cm focus and 2Tmm aperture. Behocen 
the Standards of the telescope aris the Instrument is fltted with a bof compass the needle ends of 
whidi can be obseroed magnifted tO times in the telescope eyepiece and an objectine prism hidden in 
the telescope spindle. 

2. Podiet Mining Theodolite, hanlng, in addltion to the centric telescope, an orcentric telescope 
to screu) on. the horizontal circle is 6 cm in diameter, the altitude circle 6 cm, both reading to sa'. 

3. Circumferenter withHildebrand*s slght-nanes, mhidi oming to their undiangeable nature are 
steadilv superseding the old folding nanes. 

em em em em em em em em emememem emememoti emem em em am am am em cm cm cm 

6. R. Meissner, Berlin W., 65 Fnedridistr. 

t. Prof. R. Doergens's Unioersal TraoelUng Instrument circie 6 cm dumeter dioided into 

y^ reading to V by nemiers. the telescope has a focus of 12 cm, magnifies 6 times and is (Itted totth 
teiemetrical et^epiece. the nertical afis is adjusted by means of a circular bubble, and oblong spirit- 
lenels mith tmo bubble centres are mounted parallel to the telescope. A compass is permanentlu aUadicd 
to the graduated circle, as in Noinot*s tadieometer. the dintded circle can be used in lioo 
positions by means of adjustable sleeoes. Uhen the circle is horiiontal the instrument 
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is aoatUble for tneasurina horizontal angtes and magneHc aiimuths, also oertical angles not orceeding 90^; 
vihen ü is oertical rhe Instrument can be used for measuring oertical angles toithin db90* and for 
leoelling. In dthtr position the Instrument is completely balanced. the eihibits illustrate both positions 
of this Instrument. 

Both Instruments are the propertv of the Roval Technical College at Charlotten- 
burg, the same Instrument has been used successfully by Dr. Stuhl mann in Africa, bv Dr. oon 
Orygalshi in 6reenland and by Flr. Sc holt, 6ooemment ardiitect, in 1tali|. 

2. ladieometer totth fUred üertical Spindle, whidi, being mounted upon the head-stodi bi| a 
ball and sodiet Joint, can be rotated as mtW as mooed sideuiat|S and admits of the theodolite being 
rapidlti set up centralis and with its alhidada spindle oertical. the Instrument is prooided with the 
fitrings for Reichenbach*s telemetric method with altitude circle, as well as those for measuring 
dtstances and eleoations by means of a cUnometer scale and screio. A tubulär compass is attadied to 
the side of the aiimuthal circle. this tadieometer is erhibited on its own stand. 

the Instrument is the property of the 6eodetic Collection of the Royal Agricultural 
College of Berlin. 



T. Randhagen, Medianician, Hanoüer. 

t. Jordan'S ladieometer wlth celluloid altitude arc. Circular tadieometer with (lUr tele- 
tneter. Double altitude arc of 12.$ cm radius; graduated into ^J" on celluloid and reading to T bi| Single 
tndef Imes. the horizontal circle has a diameter of U.$ cm and Is dioided in Vs*" reading by oemiers. the 
objectioe has an aperture of 34 mm, a focal length of 4$.$ cm, Hutighenian eyepieces and magnifles 
34 times. the Instrument is fltted with a striding compass, a tube spirit-level attadied to the altitude 
arc, and a bof-leoel mounted on the oertical spindle (see Zeitsdir. f. Dermessungswesen, U99. p. $0). 

2. Jordan'S Protractor with celluloid arc. Alhidada protractor, for ensuring accurate centreing, 
with rcDoloing ercentric slide-ruler to mooe along the r-square. the proh^actor circle has a radius of 
5 cm and is made of celluloid. the slide-ruler is adjustable by a graduated arc for mapping out the 
magnetic deoiation (see £eitsdir. f. Dermessungsioesen, tS99. p. \H). 

Both Instruments belong to the 6eometric Collection of the Polytechnical College 
of Hannover. 



$. Ih. Tlosenberg, Berlin N., 95 Chausseestr. 

nathtmatical Instratnoit Maker. 

t. Station Pole Bubble, easiln attadied and remooed. to facilitate the oertical holding of the 
staoes lohile sighting and firing. 1t is also adapted for use loith the stafT of the optical Square 
üT Itie cross-staff. 

2. Repeating theodolite toitfi Hooretoe's CUnometer-screui for occasionai use, when meas- 
uring distances and eleoations after Corber and Sichler's method. the aiimuthal circle is cooered, 
its Itmb has a diameter of 12 cm and is dioided on siloer into Vi** reading 30' b^ oemiers and moo- 
ablc magniflers. the telescope is reversible, mounted on transit atis and ritted loith clamp and micro- 
meter movement, the latter being in the form of a clinometer-screw loith drum and scale. the 
object glass has a focus of 200 mm and magnifles 20 diameters. there is a striding leoel abooe the 
transit aiis and a circular bubble behoeen the frames. 

3. radieometrical IfieodoUte. the cooered azlmuthal circle has a limb 14 cm in diameter 
and is dioided on siloer into yj* readino to 20' by oemiers and mooable magniflers. the telescope 
is mounted on transit aiis and fltted loith clamp and fine adjustment; it has a focus of 250 mm and 
nuMuifles 24 diameters by means of an orthoscopic eyepiece fltted loith telemetrical cross-lines. the 
altitude circle has a cooered limb dioided on siloer into Vi** readina to 90' bu oemiers and moo- 
able maonifiers. An alhidada bubble loith flne adjustment seroes ror accuratelu setting the oemier 
ind€g. A striding leoel is situated abooe the transit afis of the telescope and a leoelling bubble 
is permanentlu attadied to the latter, also there Is an adjustable circular bubble mithin the frames. 
An oblong orientating cc 



compass can be placed upon the transit aiis. 
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4. lacheomf ttr £fod loith 
Hogretoe*s CUnometer- 
SCretO, for measuring dlrecHons, 
distances and eleoations aftcr 
Corberand Sichler*smeHiod. 
Rdapted for moderateti| incUned 
sighrina. thf telescoDf , mount- 
ed in adjusUble rings, nas a focus 
of 92$ mm and magnifles U Hmes 
bu means of an ortlioscopic eye- 
piece, shotoing Hie dinisums of 
(he starr disHncnyat2$0m. the 
telescope is flUed toith a re- 
nersible bubbte rcadina to 
20' from thf e^epiece end by 
means of a mirror. rhealhidada 
bears a circular bubble. the 
azimuthal circle is cooered 
and dioided on siloer into Vi"" 
reading to r by mooable magm- 
fitrs and hoo oemiers, one of 
lohidi (A) is fltted loith an au- 
ritiary pointer to oboiate gross 
errors. Rn orientating com- 
pass can, loithout trouble, be 
affUred abooe the telescope. 

5. radieometric Plane lablf 
Theodolite, as suggested by Ch. 
A.Dogler. theeleoationalangles 
are rendered independent orthe 
inclination of the table by the 
bubble alhidada, the hori- 
fontal anales bua cross-lcnel, 
the afis or rotation of lohidi con- 
stitutes the straight-edge. 
the telescope is of'^the transit 
type, has a focus of 300 mm and 
magnifles 29times by an ortho- 
scopic eue-piece fltted with 3 telemetric cross wires. the alt i tu de arcs are dioided on silner into 
Vi*" readfng to 30' by oemiers, whidi can be accurately set by an alhidada bubble, one of them haoing 
in addition fltted to it an auriliaru pointer, so as to oboiate gross errors. the cross bubble mounied 
upon the straight-edge, is parallel to the transit aiis and can be set horiiontallu by means of a set- 
screm with large milled head. Rn orientatina compass can be attadied to the sh^aight-edge. Ihe 
equipment of this Instrument includes a small srriding leoel to place abooe the transit aiis fbr adjust- 
ing and a circular bubble for the plane table. 

6. Simple £eoel fitted toith Hogretoe's CUnometer-screto, for leoeiung staHon-potnts 
when the horiiontal line of oision meets the ground or passes abooe the station-pole, also for occasional 
telemetry.^the telescope has a focus of 329 mm and maoniftes 2$times and shows the dioisions 
on the stafT at a distance of 200 m. R bubble is permanentlu afftred to the telescope reading to 20*. 
the Instrument is fltted with a circular bubble for plumbing tne main spindle. 

T. StaHotl'POinter, belng a fitlly dioided circle with a flred and two mooable arms uiith radial 
straight edges, for plotting down station-points when the directions of three fUred points are hnoion. 
For ropographic and coast suroey. 

$. Bauernfeind and Dogler*s Prismatic Squares of the best form as to fieidof oiew, 
ränge of rotation and reflecting capacity, ground and polished by Hensoldt. Rdapted for setting off 
angles of 90*" and tlO^, 49% 90^ and t$0% by double and quadruple reflection withln the prisms. 

Instruments nos.2, 4, 9, T and $ are the property of the Oeodetic Collection of the 
Royal Rgricultural College of Berlin. 

Price-lists may be had free on application. 




no. 4. UAwmtta tcvet «tth clittomr tcr-scrnp. 
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9. Karl Sdieurer (Tirma C. Sidiler), Karlsruhe, Baden. 

Court Nechanician and OpHcian. 

t. Koch'Scheurer's Plane Table ladieometer and Roller Sllder. this udieometer \s 
adapted for suroeuing Operations generatlti requiring the use of a leoel, ttieodotite and plane table. The 
insnrument can oe emploi|ed in tioo loans. Tig. t shoios it fttted loith the plane table in a central 
Position, i. e., arranged as a tadieometer for the suruey of moderately large areas [scale t : 900 to t : 1,000). 
the tripod of the Instrument is surmounted b^ the central fired plane table A. Rbove this table a 
disK B fttted loith a scale C is rigidlti attadied to the aiimuth alhidada so as to tum together toith 
the telescope. the drawing paper whidi usuallu tahes the form of a pierced sheet of tracing paper is 
placed between these two disks. lipon this alt the points sighted should be pridied off, and the ele- 
nations measured by the slider should be noted. Tig. 2 shows the other method of using the Instru- 
ment, in whidi the plane table 
occupies an eicentrtc position. 
So arranged the tadieometer is 
adapted Tor topographic sur- 
neys (scales from l : 9,000 to 
t : 2,5001. D is a sh^aight-edge 
to tohidi is fltted a toothed 
disk E, and F is a Ried plate 
abooe E. G is a scale whidi 
can be connected with the 
disk E. the mooements of the 
telfscope are transmitted to 
the scale G bu the geared 
disks H and J. the process of 
plottttm is here the same as 
uiith the centralis fUred table. 

ttie absolute leoeis are 
defermined by the cylindri- 
cal tacheometer slider. 
£ach point is siohted at those 
angles for whidi the corre- 
sponding tadieometrical scales 
are marked upon the roller. 
the apparatus is sufftciently 
conoentent for use in the fteld 
and can be set in the same 
thne that is required to read 
the scales and düstances at the 
inslrument. the result is ac- 
cordinaly found immediatelt|. 




Tig.l. 



linder moderately faoourable conditions 600 points can be obseroed, computed and plotted within 
dghl loorking hours. 

2. HtpeaHno Theodolite haoing an azimuthal circle of Ucm, an altitude circle of 19 cm, both 
circlcs betno proTected by glass cooers. the telescope has a maonifying power of 90 diameters and 
is ntled unth a telemetrical euepiece reading 1:100. 1t is mounred on a transit frame and can be 
Tctfcrsed. the altitude circle ts fltted with a oemier bubble, and a striding leoel and compass flt 
loosely upon the horiiontal spindle. 

3. Small Unioersal or IraoelUng Theodolite, the horizontal clrcle is adapted for repeHtlon, 
and, tilie the altitude circle, has a diameter of 12 cm. the telescope is reversible and mounted on a 
transit frame. the equipment includes a striding leoel, oemier bubbles on the altitude circle, tele- 
metrical eyepiece reading 1:100, fleld Illumination through the horizontal aiis, an **elbow** eyepiece 
toith sun-glass and a tuDular compass below the horisontal circle. 

4« CCüd toith Sickler's Percentage Dinometer-screw for measuring slopes and distances. the 
telescope is reoersible and can be rotated, the leoelling bubble is flnely adjusted bu means of a tan- 
gential screio and its position is shoton by a mirror. the tangential screu) is ntted wirh a drum dioided 
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into tOO parts. the distancf of Hie cUnomctfr-scroo front Hie horiiontal HlHng avis \s eracMii eipul to 
$00 htms of Hie screio. Cadi htm \s shoion on a diüided inda. Tioe htms correspond to a fall of 

t per Cent, one htm is Hierefore Vi pcrcent. 
Vüf of a htm Vm P^ cent, and yttn per 
cenr can be readtoiHiout difflcutr^ stncc 
the half dioisions of the drum can bc 
estinuted toith the greatest ease. 

5. Percentaar ainomettr, of ori- 
ginal design, betng a pendulum htstru- 
ment, consisHng of a rectanguUr tnm 
tohidi, beino suspended bi^ a ball and soAct 
Joint and ntted beloto loith a plumb-bob, 
alioa^s assumes a oertical positioiu Ihe 
frame is prooided loith tioo slots loithin 
tohidi tioo diopters can be moocd iaA 
adjusted bi| means of oraduatiotts. 

Cadi of these dioisums amounts to 
0.00$ of the distance between Hie diopters, 
the rise and fall can therefore b^ tts 
means be read direcHv in percentages. 
the diopters are adapted for fore and 
badi signHng. 

6. Maycr's Qinomcter, for mca- 
suring slopes and angles, being a pen- 
dulum instrument flHed toith lens dioptrr 
toithout magnifying potoer and adapted 
for fore and badi sights. the instrti- 
ment is oerv small and handi| and can 
easilii be carried in the podiet. 

T. Uarious Q&ttd 6\ass Platrs 
for the computaHon of areas. 

etmetetetetetetetetetetetetetetotet 
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to, IVlidi, Sendtner, Wunidi, 22 schuicrstr. 

Nr dianical and Ir dinical Idorks. 

Small theodoUtf toith Rttadiablr CompaSS. this inshitment is easily cenh^ed. Bt| a couplras 
of special construction the instrument can be quidili| adjttsted for use in the horiiontal position. 
It is adapted for use as a theodoUte and as a leoel. — • • .... - ... .... 



before being used without the aid of special means. 
by a compass. 



the inshitment is easily tested and adjusted 
the spirit-leoel can, when desired, be replaced 



U. Wilh, Spoerhase, late C. Staudinger & Co,, 

ßiessen (Hesse). 

Physical and Nr dunical Idorks. 
(See also SecHon I.) 

VTeasuring Instruments for Forrstry. telescopic and dioptric Instruments for foresl 
and road sun)et|, reconnoitring, leoelling, Ac. tree height and thickness gauges. SimpU 
measuring and registering Instruments of the latest form for the suniei^ of nmber. Uim- 
menauer and Spoerhase*s circular counting gauge. 

Rny of the appliances required in practical forestry are kept in stodi or supplied. 
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12, W. Stieget, Cassel 



Scientific Inshiimtnt Mäher. Specialihi: Rstronomical, 6eodeHc, Suroetjing and 

Nining Instruments. 

1. Nining IheodoUte» reading bv oemiers and fined at Ihr boHom of Ihr tdescope framestoith 
a detadiabtf oblong compass. the posiHon of Ihr ntfdlf tnds is setn toithout paratlai through thc 
tetfscopc eyfpifCf. Timrs catalogue no. 249. 

2. Mining Theodolite toith deUdubte compass niHng thf tdescope spindlt. the tetescope is 
mountfd outside Hie frame so as to render the instrument anaitableiforlplumbing pits. Tirm*s cata- 
logue nos. 244 and 244 0. 



Tig.!. 

TraoctUttg IhrodoUte. arcles tlom In dlameter. Tlrm's cttalogvc no.tif. 

3. Simple Theodolite reading by nemiers. the cirdes are dinided on argentan. Tirm^s catatogue 

no.52. 

4. TraoelUng Theodolite, smallest pattern, aoailabte for repeHHon, toith outside telescope and 
detadiabte bubbte. Ttrm*s catalogue no. 2$3. 

5. Mining Compass toith detaduble compass proper. Dioisions on argentan. Tirm*s catalogue 

no. ts2. 

6. Cenel with reversible bubble. the latter is permanentli| attadied but can be tumed round the 
ans of the telescope. the Instrument can be tilted so as to correct the bubble. 
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T. Fiottrc Pundling nadline, of original dcslgn, fdr approprUldii pimdiliig flgtires on dMäed 
circtes or all klnds, 9tc^ also for Inscrlblng firms* namcs. this madilne Is lOcn In dlameter and ts 
prooided lolth hoo stts of teeth. the original diüisions arc aoailable for numbcring in Irrms oT tk 
SCI agesimal and centcsinul system. 




rig.2. 

n detailed price-list nuv be obtained on appIlcaHon to Hie Superintendent in Charge of the 
Joint Cyhibition of VIechanicians and Opticians. 
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13, Eudwig tesdorpf, Stuttgart, rt Forststr. 

Mäher of Scientific Inshiiments of Precision. 

Specialihi: Rstronomical and Surueying Inshiiments. 

(Set also SccHons lila and IV.) 

t. Uniüersal Instrument Both drctes haDC an internal opcning of IT cm diameter. thei| are 
graduated into Vi*, and 6' can be fstinuted by reading microscopcs. the telescope magniftes 36 Hmcs. 

2. Small Uninersal Instrument adapted ror repcHtion. Horliontal circle 12 cm diameter dioidfd 
on silücr into V|^ reading to 6' bt| hoo screio-microscopcs. the objecHoe has a parHatlarty large 
aperhtre and maoniftes 24 rimes. the DerHcal circle is dinided into y^ and reads to 20*. the Instru- 
ment is prooided loith a telemetric e^epiece. R telescope compass is ntted beloto the horiiontal circle. 

9. Compass Theodolite adapted ror repeHHon. Horizontal circle of 20 cm diameter dioided into 
Vl^ reading to 10*. Rltitude circle IT cm diameter. In addition, the edge is dioided into Vt* ^o ^«cili' 
rate the localiiation of stars (for suroe^inQ purposes the Instrument has a percentage scale). 

the correctina screws of the shriding sptnt-level s€rx)€ at the same time as supports on the telescope 
uis and haoe ntted to their ends rounded culinders of agate so as to oboiate mdation of the poinrs 
of contact. the absence of any screws acttng in Opposition to eadi other remooes the possibilitii of 
straining the Instrument uihile adjusting it. 

the compass is motmted between the Standards, the magnetic needle is 120 mm long. 

4. Compass Theodolite adapted for repetition. Circles of 12 cm and 10 cm diameter, reading to 
20' and V respectioelu. the telescope spindle is perforated as in the preceding Instrument, the cross- 
[Ines are illuminated bi| a Untern. Rn elbow e^epiece is prooided for xenith obseroations. 

5. Tadltjmeter Theodolite adapted for repetition, uiith compass and circumferenter. Horiiontal 
:ircle t2cm diameter, altitude circle 10 cm, dioided cm siloer into Vt^ reading to f. the telescope 
nagntfies 24 times and is adapted for measuring distances. 

6. Small Tadltjmeter Theodolite wlthout means for repetlHon. Clrcles 10 and $ cm respecHoelu, 
)raduated on siloer into V2^ reading to l'. the telescope magnifie^ 20 times. this Instrument is 
»pedatty adapted for suroe^ in forests and mountainous districts. 1t is prooided uiith a distance 
neasunng scale on glass. 

T. Carge Theodolite adapted for repetition, haoing a horiiontal circle of tTcm diameter, dioided 
nto Ve^ reading to 10". the oertical circle has a diameter of 12 cm and is dioided on siloer into Vl^ 
Yading to 20'. the telescope magniftes 30 times. 

9. Smallest Traoelling Theodolite. Both circles haoe an internal diameter of T cm and are 
liDided on siloer into V2^ reading to V. the telescope is ercentric, magniftes 12 times and is pronided 
oith oertical micrometer adhtstment. the spirit-leoel is reversible, the Instrument is fttted mith an 
yepitce prism pronided mtth tu»o sun-glasses and has an eyepiece telemeter on glass with oertical 
mes for star obseroations. 

note. the base of the compass is perforated and cooered bv a glass disk so as to render the 
;pirit'leDel mounted below conoeniently accessible to obseroation. the uieight of the Instrument, in- 
luding its case, is 1.900 kg. 

9. C.T)9agner*S Tadieographometer with adjustable ftUr telemeter. Both the projectionofob- 
tquelii measured distances upon the horizontal plane and the eleoational differences of the point sighted 
educed to the centre of the Instrument can be read off directly mithout any fitrther calculation bu means 
»f ttie distance-rule attadied to the telescope, two graduated rules attadied to the frame and the base- 
ilate and a mooabie projection triangle, the method being based upon the tadiymetric formula E = D • C08* a. 

the distances, haoing the anallactic difference corrected, can be directli| mapped out on paper uiith 
he aid of the monable needle apparatus mhidi traoels in conformity mith the projection triangle. 

the altitudes are also reduced to the constant instrumental leoel of 1.3 m before being read off. 
Ine declination compass fttted to the frame is adjustable uiith respect to the true meridian and can 
c detadied so as to render it aoailable for setting out on the drauiing table. 

10. Tiltino Theodolite of the tatest construction, haoing a scale 60 cm long capable of parallel 
idjustment. uie telescope is mounted for transit. the altitude are has a limb of IT cm aperture and 
s dioided into VA reading to 20' direct; the oemiers are fttted uiith special spirit-leoel adjustment. 
Iie spirit-leoel is reversible, the telescope magniftes 24 or 36 times. the dktance scale is etdied on glass. 
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tt. Under-struchire of Suroqjing Table, tot no.to, adapted for ubies or atty sUe. 

12. Carge CetieUing Instrumtnt for eract loork at considerable disUnces, R. lOagner'ssiistein. 
the tftfscope magninfs 60 Hmes. the spirit-leoel, lohidi has a sfitsitiDOicss of $ to 6', is reoerstbk 
and protected front the influences of temperahtrf by a mf tal cooer. the position of the bubble can bc 
obseroed direcMii from the ei^epiece end by reflection and a lateral magnin^ing tens. 

t9. CfDtlUng Instrument for eiract toork. the tetescope is mounted on four cameol prisms 
and tums on its longitudinal avis. It has fltted to its side an accuratelv oround 6' reoersibte sptrit- 
leoel. Simple rotation through U0^ positton i (spirit-lenel on the left) andf oosition II (spirit-leoel on 
the rightl, and evact adjustment of the bubble in either position, sufflce to rumish oeru eract ngures 
€x>tn loith imperfectlii rectifled Instruments. 1f, for evample, during transport the spirtt-lenel dianges 
Its Position wlth respect to the avis of collimatlon, the oalues of ^ as read off the stanes In posttions 
I and 11 may be found to be respectioelii greater or smaller, but since the final nalue depends upon 
their arithmetical mean those oalues are or no conseouence. It should, houieoer, be noted that wnen 
taking successloe readings in positlons 1 and II the teiescope should be tumed carefulli|. 

14. R. I9agner's Patent £eueUing Instrument, simiur to no. t2, but with teiescope magnifii' 
ing onlt| 24 times. the teiescope is likeuiise mounted upon four cameol prisms. Reuersible spirit- 
leoel sensitioe to tO*. 

15. R. I^agner's Patent Podiet CenelUng Instrument, with teiescope magnifying tshmes. 
in case. 

16. R. I9agner*s Patent Podiet £eoeUing Instrument, with teiescope magnifiiing t2 times. 
in case. 

IT. Dr. Schlichter's Photographic Camera for geographic localliaHon. the method conslsb 
of photographtng in rapid succession the moon together u)ith one of the distinctln oisible planets or 
a nred star of the flrst and second maonitude situated near the moon*s orbit. For that purpose thf 
dark-slldes are arranged in sudi a way that s\m photographs can be taken in rapid succession with a 
Zeiss Rnastigmat Series IIa, of 205 mm focus. tadi erposure is taken with a slit tO mm Wide, the 
distances are measured by a glass micrometer 10 cm long, dioided into 0.5 mm. 

1$. Orientation Instrument for orlentatlng the positton of mines. the horiiontal clrcle tiasan 
internal diameter of 15 cm, dioided into y^* and reading to 20*. the declination compass is mounted 
in an accurately central posItion and can be drauin out; it has a magnetic needle 15 cm long piDOted 
on a ruby cap. By means of a lens fitting in front of the object-olass the teiescope can be temporanlv 
conoerted into a microscope, with the aid of whidi the dioisions ar the end of the magnetic needle can 
be sighted. 

the lateral auriliani teiescope seroes for nadir and xenith obseroations. the teiescope spindle is 
perforated and fltted with a Untern. 

19. Percentaqe Clinometer (Diopter-Instrument), with alHtude are, whidi, in addition to Hieper- 
centage scale, is dioided into Vt^ reading to tO' by a oemier. 

20. Prof. Dr. Decher's Prismatic Drum for setting off circuUr arcs. 

21. Oniometer, wlth three rollers, for determining the lengths of lines of any form (curoes, sptrals, 
serpentines, ftc). 

22. £iniometer, with seoen rollers. 

23. Protractor, for flilng on the plan a point whidi has been localized uiith respect to ttirec gtoet 
points by triangulation. 

note. the manipulation of the Instrument is rendered more conoenient bu two interdiangeabU 
centres, one being fltted with a needle and pen, the other with cross-lines ruled on glass. 

24. Prof. Dr. Hammer*s Parallel Ruler for rapidiy piotHng down points. 

25. Hydrometrie Dane, speclallii constructed for determinations requiring ahighdegreeofaccuraqi, 
the apparatus is ntted uiith an electrical indicator, oloing one Signal at the end of eüery so reoolii- 

tions, and is entirely made of nidieled brass with the evception of the oane and spindle, tohidi an 
made entirely of aluminium, the ends of the spindle are fltted wtth agate points running in coniol 
agate cups, so as to reduce the coefAcient of friction to a minimum. 
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14, Wajf Wol£, Bonn-on-the-Rhine- 

Scientific Instrument Mäher. 

[Set also SecKonVb.) 

t. Reinhert2 ladieometer loith qiUndrical alHhidf drcle so dfsignfd as to enable the ob- 
seroer to take alt his readings from a fiyed posiHon. BoHi circles are dioided Mo Vj% reading by 
oemiers to W The aximuHial drcle has, in addiHon, hoo oemiers reading to 20*. tne telescope is 
ntted toith telemehical toires and a telemeler-screio reading l:t00. 

2. Carge Reinherti Ceoel loith dinometer-screio and double loires for adjusHng the dioisions. 
Ihe telescope has an aperhtre of 42 mm, foctts of 42 cm and magnifles 30 or 40 Hmes. the bubble is 
e(TecHoeli| screened from the efTects of heal and reads S' per dioision. the cltnometer-screio is protected 
from dust the spindle and its bearing are made of hard steel and the enHre under-shruchire is designed 
toith a üieio lo solidily. 

3. Kepeating IheodoUte for demonstratton and practice, to illustrate all erisHng errors. 
the asimuthal drcle is dioided into Vt"* <nd can easilu be throton out of centre: the same applies to the 
tndices. the diopter-telescope and diaphragm can be displaced lateralli|. the altitude drcle is dioided 
into whole degrees and is aoailable for horixontal and zenith angles. RH the spirit-leoels are deeply 
cumed and graduated and numbered throughout. In addition to a striding leoel, the Instrument nas 
bubbles attamed to the telescope, the alhidada of the altitude drcle and the telescope frame. R circular 
bubble is ntted to the lower (rame. In addition, there is in the middle of the frame a compass with 
mooable centre. the tripod is fltted with plates for setting the Instrument up anywhere uiirhout risk 
of injuring it. 

4. Cenel for demonstration and practice, to illustrate instrumental errors. the telescope 
is reoersible and fltted with mooable objedioe and ocular diopters. By means of a mooable collar 
the adjustment is disturbed in a manner whidi is strikingli| shoum by the remooable bubble. the 
telescope is, in addition, fitted with a fiied spirit-leoel. the bubbles are deeplti cumed and graduated 
throughout. the telescope bearings can be raised and lowered. R reoersible and optically equipped 
telescope is supplted with the Instrument, so as to pradicallii demonstrate the optical errors. tnis, 
as uiell as a large circular bubble, are attadiable to the frame of the leoel. 

5. Brandis's Hupsometer« with graduations in degrees and percentage, as used by foresters 
for measurinp the heignt of trees, by suroeyors for redudno hiipotenusal to horiiontal readinos, for 
calculating dtfTerences of eleoation, setting ofT road lines, ic. Conoenient tables are supplied with 
these instruments. the objed, diopter and graduations are seen concurrentlu. the readino is accurate 
wtthtn Vio*"* the Instrument is oery conoenient and, bdng well encased, emtnently adaptea for tropical 
dimates. 

Rll these instruments are the property of the Royal Rgricultural College atPoppels- 
dorf near Bonn. 



C. Tlauticat Instruments. 
t. Carl Bamberg, Triedenau near Berlin, 39/4t Kaiscraiiee, 

Scientific Instrument Mäher and Optician. 

£stabUshed tSTt. 

telegraphic address: Bamberg'Triedenau.-^telephone: Triedenau Ro.U. 

(See also Sedions IHa and iV.) 

1. Deviation Magnetometer toith Rottok's Dertical Force Balance, for comparatioe de- 
terminations of the horixontal and oertical components of the earth*s magnetic intensity, especiallii in 
conjunction uiith nautical deoiation work. the Instrument is likewise aciapted for measuring the mag- 
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neHc dectiitation and dip. the üfrticat force batance supplied uiiHi thc itishrument seroes for measuring 
the oerHcal magnetic tines of forces and, especiallii, ror compensating the errors diie to nerHcal in- 
ducNon in nuriners* compasses. 

2. Carae Floating Compass, 

Tia.t, uimi 4 internal steering 
polnts and elasHc double bottom, 
rose loith magnet consisting of 24 
laminae, enamelied card 196 mm in 
diameler, dioided into degrees at 
the edge and figured both for or- 
dinary and prismatic reading. the 
compass is balanced andsuspended 
in roller bearings mithin the nelmet. 

3. Diopter Rttadimcnt, for 
the abooe, toith telescope, shadoto 
pin and large ocular diopter, di- 
oided inioards into deorees and 
reading by opposite inmces. the 
sighting telescope has an aperlure 
or 2tmm, toomm focus, magni- 
fies 6 times, embraces an angle of 
2*; it is fltted toith a oertical loire 
and is mounted upon Standards 
fltting the diopter. 

4. Compensatina Compass, 
rig.2, fltted loith a set of soft 
iron cores situated in the horizontal 
plane of the rose magnet needles and 
grouped in a drcle or ellipse round 
the latter, so as to increase tlie dt- 
rectioe force and correct the obtioue 
quadrantal error. By altering rhe 
Position of the compass bor, thts 

compass is aoailable for neutraliiing 
the constant deoiation. the compass 
boy and rose are similar to those of 
the floating compasses. 

5. Ordinani Boafs Compass 
toith rose IIS mm in diameter, two 
layers of double laminated magnets, 
gimbals and folding stand. 

6. Diopter Rttadiment for the 
abot^e, diotded into deorees and reading 
by ttoo opposite poinrers. 

T. Binnacle with sphere carriers 
and correcting spheres consisting of 
brass column 300 mm in diameter, com- 
pensators haoing 2 magnet-carriers toith 
4 C-magnets on eadt, a lotoer circle with 
indices and double clamp, oertical in- 
duction magnet sieeoe to raise and lotoer 
bu duin, helmet with door, night-helmet 
rmo with set-screws, gun-metal foot 
Wim 9 screw-douin bol» and plates. 

8. OoalReooloitiQ night-helmet 
for the Binnacle, uiith 2 petroleum 
lantems. Head-Iight and front and 
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back door fitted uitth Screening pUtes, also Urge door loiHi shut-off scretn, totoer ring fiUed loith 
rolters and clamping screio. 




Pi9.3. Tig.4. 

9. Sounding Madline totth protecHng hood of galoaniied iron, in teak-toood bor lined toith 2tnc 
ind filted loith gun-metal feet and comer bindinos, toith separate receptacle for all accessories, counter 
ind diaU malleabte sleel cranks, calipers, oun-meral pulley blodi, 2 scales, 4 sheaths, 4 galoanixed iron 
ings. Eine Uns for glass htbes, Hn ror tauoto, Urne oessel, oaseline pol, 4 iron sinkers, tOO prepared 
)lass htbes in case und 600 m of tested toire. 

tO. PnnimaHc Dtpth Recorder loitk sheath, for depths not evceeding 200 m. 
ackckaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

2. H. Haecke, Berlin S.0,, 124 wrangeistr. 

OpKcian and Philosophical Instrument Mäher. 

t. £arge Reflecting Prismatic Circte. 

2. Stnall Reflecting Prismatic Circle. 

3. Seirtant. 

4. Octant 

5. Mercurial Hori2on fitted toith hood. 

MctfianUs tnd OpHcs. $ 
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6. Ferk's Parallel Protractor. 

this protractor soloes in an efndcnt an4 cvpedicnt manncr anu of the usval problons of naoifaHn 
tni Hie (hart, dispcnscs toith the durt com|»ss and saoes the durt ttsetf from loear and tcar. this 
unioersal instrument fdr mariners, cartographen and constnietors comprises mithin one inshmneit 
the fitnctions of the fdilotoing apptiancesr-^Parallei ruier, set-off Squares, doubie protractor, 
alhidada protractor, compass card dioided into 1/4 and V» poinis, T-square, set-squarc 
and metric straight edge. 

By the parallel motion and the simultineotts lateral displacement of the hoo adjnstable conpass 
arms cross-soundings and bearings, as determined 1^ angular measurement, can be set out in a «iii- 
mum of time, and are easily controlled as the »hole Operation can be seen at a glance. 

lOhen ttsed on durts the protractor is placed with its front edge along a parallel of latitutfe ad 
the compass-circte is adjusted, loith or without allotoance fdr the magnetic nariation, by neans of Ihr 
oemier of the alhidada. Ihe remaining Steps are obnions. 

T. Double Protractor. 

$. Soundlng Dlsk fDr determtnatiotis of dlstances. 

9. Deep Sea Sample Draioer. 

10. Sea-bottom Drag. 



3, 6m, £• Weiler, Hamburg, St öeorg, t« Rn der Koppel 

Nechanician and TlauHcal Instrument Naker. 

Spedalihi: Patent Cogs, Seitants» Octants. 

Silner Vkdal: Hamburg USf. 

Patent Cog Indicator for determining the speed of a oesset at sea, consisting of the contiii 
log and a propeller. the log is screioed to the railing abaft, and the propeller drags a line Tis 





Pig.l. 



rig.2. 



long. Ihe rotation of the propeller is transmitted by the line to the indicator, lohidi shows the dis* 
tance in hnots traoersed by the oessel. 
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Fig. 3. 



R noD feahtre of this Patent Loa Indicator, lohidi obtained a sitoer tnedal in Hic Hamburo trades 
&hibiHon of t$$l, consists in the racUity prooided for comptetely opening the log lohile achuliy toork- 
tng, so as to clean or lubricate i\ in good Hme. By this arrangement the spindles arf not apt to run 
dry, and the indicator is protected Mrom irregularity. 

cmcmemcmcmemememememememememcmcmememcmememcmcmcmcmcmcm 

4. R. RepSOld & Söhne, Hamburg, 96 Borgfelder mineltoeg. 

(See also SecKons 1, II and lila.) 

Ddllen'S PrismaHc Tube. Ihe accuraqi and disHnctness attainablc in modern dioiding engines 
is sudi that loith the aid of a reading microscope the drcle, though onlv 35 mm in radius, fitmishes 
readings comparable to those attainable loith a circle of about 200 mm radius read by a Demier. 

the instrument is primarity intended for use on a stand« but it is also aoailable at sea for use in 
the hand. 

ttiis instrument is the property of the Imperial Vlarine Obseroatory at Hamburg. 




>• 
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IV. Weteorological, ßeo-magneUc, Ihtrmometric 
and Calorimetric Tnslruments. 

TW 

t. Carl Bamberg, Trirdenau near Berlin, 39/41 Kaiseraiiec. 

ffledunical and Optical llorks. 

Cstablished 1$Tt. 

Telegraphic address: Bamberg-Friednuu.-'teUphone: Triednuu Ho. U. 

(See also SecHons lila and 111 c.) 




^^.im^i'-LT- 



Tig.t. 
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t. FlagneKc ThfOdoUte for Obseroatories. HoriionUl circU haüing a dUmeter of 17 cm, an 
orcentric colUmator of 24 mm aperhtrf and 2 t cm focus flHed toitti adiromatic microscope eyepiece 
magnif^tng 30 times. The deoiahon rail adaptfd for sine readings in E.W. and N.S. is detaduble, it 
has a ctrcular secHon of t$mm, a length of S$Omm and is dit){dfd into ctntimetres. Tig.t. 




Fig. 3. 
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2. MagneHc IrauelUng Theodolite, rtg. 2 and 9. Horiiontal clrcU or U cm dUmeter, readttm to 
90 seconds bii opposite oemifrs. The decUnation System is reoersabte, suiings on piDots, of uihidi sUr art 
prooided fbr mtfrdunging, and is fitted loith a convtnicnt form of arresHng arranaement Its nuracmnüs 
are read by a mirror and coUimator. the Instrument is fitted uiith a small pinoted intensity magnet. Ihc 
denlation rail is adfusted for sine readinos in E.W. at the fbred distances 200 and 2Umm. The ouHU 
includes an oscitlatitu bov loith scale and fllar Suspension, inertia rino, a nesset for determinina the 
coefRcient of temperantre, a reflecting dipping compass uiith tu)0 needles tt(mm long, hoo strtfcing 
magnets, magnetiiing stage and other accessories. 



2. Carl Diederichs (Proprietors: Spindler k Kotier), 

ßöttingen-on-the-Ceine. 

Scientific Instrument Idorks. 
Phtjsical Demonstrating Rppliances. teoelling Instraments and Theodolites. Reading 
Telescopes. Pstjdiological Instruments. Dioiding on Netal and 6lass. Clectrical and 

Magnetic VTeasuring Instruments. 

Unioersal Maanetic TraoeUino Instrument, in whidi the deuiaHon of the nerticai and 
horiiontal needles is obseroed directni by means of a mirror attadied to the needle spindle and a 
telescope attadied to the Instrument. 

this Instrument hasbeenconstructedfrom Prof. Dr. Schaper'sdesigns and is In the possession 
of the 6eo-magnetlc Station of Cübech. 



3, R, Tuess, late 1 6, 6reiner jr. k 6eissler, 

Steglitz near Berlin, T/$ üüntlicrstr. 

VTedianical and Optical Idorks. 

(See also SecHons lila, Vb, Vd and Vg.) 

1. Sprung-Fuess's Barograph, n descHptlon of the older form of this Instrument wlU be 
round In the foUowing pubtications: Bericht über die wissenschaftlichen Instrumente auf 
der Berliner Oeuierbe-Russtellung IST9, p. 299.-^Zeltschr. d. dsterrelchlschen Oesell- 
schart r. Meteorologie tSTT, p.90$ and tSSl, p.l.-^Zeltschr. r. Instrumentenkunde tSSS, 
p.t$9 and tS$T, p. 292.— Ca CumUre electrique tS92, p.lTO. 

this apparatus consists essentialli| or a regisrering balance fitted wlth a gulde roller. 1t posscsses 
the rollowing distinctioe reatures:— 

t. the graphlc notations are made In rectangular coordlnates In absolutelv constant ratios. 

2. the rriction or the sprino agalnst the registering drum is not onlv approvimately but entircbi 
harmless. the curoe accordingui may be traced directlii upon a stone. 

9. the movement is magnmed considerabln, oix. t:tO. the roller uieight can homeoer be shifled 
so as to yield other ratios. 

4. the temperature has no influence upon the readings or the barograph; Hie tube being simplf 
qilindrical in its entirety. there Is onlu a small residual source or error due to thermal nillucnce, 
whidi is compensated bu the eypansion or the tube below the upper leoel or the mercury. 

5. 6rrors due to capiflaritu are corrected bu an immersion arrangement. 

6. the barograph is for these reasons mum more accurate than all earller designs. 

Instead of weighina the column of mercuru, as in this Instrument, it can be rendered aoallabte for 
the registration or other data, e. g. the uieiaht or rain and snow, dew and hoar-frost, eoaporating toater, 
and also the attraction and repulsion of uilre spirals through uihldi an electric current is passlng. 

2. Hellmann-Fuess*s Self-recording Rain-gauge. rig.t. the rain-water is made to collect 
In a culindrical oessel containing a float carruing on its upper avis a tracing leoer. the scrltHrr hrans- 
mits tne mooements of the Aoat to the registering band uihidi Is attadied to the circumfitrcnce of a 
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dntm. R clodiuiork hotiscd uiithin the drum causcs the afis to htm once in U hours. Rs sooti as 
to min of rain haoe fallen the cnllndricat nessel is autonuHcaltii empHed by a alass syphon and the 
scrit^er immediatety returns to tne lero line. the tracings are neni distinct, the dimensions being 
selected so as to nuke eadi interoal of one hour ts.9 mm and eadi mittimetre of rainfall S.2 mm on 
the paper. See Fleteorot. Zeitschr. tS9T, p.4t. 

3. SpruiiQ-Fuess's Clectrical Registerina Hnemometer. Tor descHpKon see Zettschr. 
f. InstrumenrenktSSI, p.lO, and Fleteorot. Zeitschr. tSS9, p.344. 

this Instrument consists of eyternal fittings and the registering apparatus. 

a. the eyternal fittings comprise Robinson*s cross-bomts and a vane, the aies of whidi are 
all placed oerticallii one abone the other so as to ensure uniform eiposure at all directions of the wind. 




Mm. 




rig.t. 



Tig.J. 



Bofh the cross-bomls and oane rest upon a steel point so as to reduce friction to a minimum. the 
cross-bomls are oen| small and light in order to diminlsh the momentum of inertia as far as possible 
and consequentty to ensure prompt response to rapid fluctuations of nelKity. 
b. the registering apoaratus is of nouel design inasmudi as the paper band is not propetled 

äthc cUhK but bv tne mtnd itself through the instrumentalitu of an electro-magnetic escapement 
ilst the dodi traces horiiontal hour lines. Consequentlii, the interoal on the paper behoeen tmo hour 
Unes is proportional to the summaru rotation of the cross-bomls and therefore also to the mind-may 
corresponding to that hour. this feature renders the apparatus eminently adapted for the preparation 
of ttie customani mind durts of meteorological stations. 

In addition, the dunges in the oelKitii of the mind are registered mithin the interoal of one hour 
shice the cUmK causes tne scriber to gradually mooe mithin the space of an hour from the left to the 
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rioht sidf of the paper band, after tohidi it suddcnlu rehtms, tradng lohile doing so ttie hour Unf 
rdemd \o, Ihf dirccHon of «ic wind i$ rcoistered bu four small scribers, ttic tracing indicating 
S points of thf compass dirfctli|, and eotn 16 by fsHmare. 

4. Sprung-Fucss's Clectricattv Reolstering Raln-gauge, as describcd in «ic Zcitschr. r 

Instrumfnlfnh. tSS9,p.90, andWftcorol.Efirschr. 1«$9,p.344. 

The apparahts consists of thc eiternal fittings and thc 
rfgistfrlng instrument 

a. thc ei Tfrnal fittings constst of a double cased bin loith- 
in whidi a $o-called Hörn er's roAer is actuated bt^ the rain-ioater 
coUecHng abooe. Rs soon as Vtomm of i'^*" ^^s collected the 
rodier ooerbalances and at the same time scnds an electric current 
through the registering apparahts. Durinp lointer the bin is heated 
by hör toater, tohidi automaHcaUi| maintams in the collectinq funnet 
a temperahire of J or 3* C, sudi as is best adapted for melting the 
snoto. "For this purpose the apparatus is fitted ujith a thermo- 
regulator, the thermometric oessel of lohirfi is placed into the 
double casing of the coUecting funnel. Ihe mercury column re- 
gulating the gas inlet is toithm the bin tohereas the heating and 




Fig. 3. 



Fig. 6. 



rig.4. 



by-pass flames are housed in a separate casing so as to preoent corrosion through the gases of 
combustion. 

b. the registering apparatus is almost identical with that of the anemometer Ho. 3, ercepting that, 
naturallii, the four direction-springs are absent. Ihe current is not onli| closed b^ the mooement of ttie 
wind or weight of the rain-water, as the case may be, but it is, in addition, araduallu tumed by the clodL 
Ihis feature is particularlii important in the case of the rain-gauge. Immediatelii arter the quidi retum 
motion of the scriber to the left the paper band is made to adnance a small distance, the action being the 
same as that whidi tahes place when tfie rodier is tilted. Ihis distance is subsequentln deducted, the neces- 
sity of the gap arising from the fact that in dru weather it would othenoise not be possible to separate 
the hour-Unes. Cross ruling of the band Signines therefore rainless uieather and is equioalent to lero. 

Ihe uniform mooement of the scriber is twice as large in the case of the rain-oauae as compared 
uiith the anemometer, amounting, accordingly, to t mm per minute. the object of this large mooement 
is to render the apparatus sufflcientlii eract for the purpose of mahing a rigorous companson behoeen 
the rainfalls at distant stations. 

5. Campbell-Stokes's Sunshine Recorder, adjustable for difrerent degrees of Utitude. 
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6. Podiet Rnemometer toith cross-bouiu. Fig. 2. 

T. Rnemotneter Xlo. II» counHng up \o tO,000 m, toith oenHUting propeUer. Fig. 5. 

8. Rnemometer Xlo. IV» counHng up to t,000 m. 

9. Dr. Rssmantl'S RspiraHng Psydirometer a$ described in \he Zeitschr. r. Instru- 
nientenltU92, p.t. Fig. 4. 

to. Podiet Rspiratitlg Psychrometfr, Fig. 5, as described in JelineK's Anleitung £ur 
Ausführung meteorologischer Beobachtungen, &c., IV. Edition, II. Part, p.4. 

tl. Wild-Tuess's Prtcision Barometer. 

12. tOitd'Tuess'S Standard Barometer as desatbed in the Instruktion des Königlich 
Preusstschen Meteorologischen Instituts für dteBeobachter an den meteorologischen 
Stationen, Berlin tili. Asher « Co. lOild, ibid. 

19. Station Barometer as described in the «"Instructions** referred to. 

14. Hetlmann's Cight traoetting Barometer, mounted upon a wooden uth Rtted with 

siloered brass-scale and bayonet Joint. Owing to its small weight, whidi does not efceed t.lkg in- 
cluding a leather case, it is particularlii adapfed for inspecting work. See Meteorolog. Zeitschrift 
tl9T, p. 9S0. 

15. Schuberts Pstjdirometer, asdescHbedinthcZeitschr.f.Instrumentenh. tl9l, p.329. 

16. Stationär!) Psydirometer with aspirator, with marimum and minimum thermometer. 
IT. nafimum and Minimum thermometers for no.ti. 

18. Insolation üiermometer. 

19. - - , adjusted for mavirnum readings. 

20. tdater üiermometer with scooping oessei. 

21. Marine thermometer with scooping oessei. 

22. Minimum thermometer with Riung of toiuoi. 

23. Treezing Point thermometer, dioided into Vm degrees. 

24. Prof. Dr. oon Dancketman's Hypsometer. Fig.i. 

29. Hypsometer in wooden bof, as described bt| Fr. Orützmacher, Zeitschr. f. Instrumen- 
tenk. tl97, p.t93. 

26. targe Standard thermometer with arbitrani graduation of Vio"" from to t02<' C. 

2T. - - ' dioided into V,o* from to lOJ* C. 

25. ' ' ' - - Vto* ^^^ '0 to 10^* C. with an enlargement 

mithin the internal from $0 to W C. 

29. - ' - - - 7,0* from -50 to +5(r C. 

30. Beckmann's targe Standard thermometer, dioided into 7,00'' c. 

31. Rn Rssortment of ten thermometers. 

Instruments nos. t, 9, 4 and 14 are the properti| of the Royal Meteorological Institute 
of Berlin-Potsdam. It was intended to include in the efhibits Sprung-Tuess's Rutomatic 
Photoorammetric ClOUd Recorder, but the Instrument could not be spared. the nature of the 
apparams will be seen from a photoaraph accompanied by f!oe photograms. the latter should be taken 



in pairs Joining from left to right, the photographs being taken concurrentli| at the eftremities of a 
base of 1419 m, the camera beina tumed oerticalli| uptoards. A small cloud whidi in one camera 
appears evactlii in the middle of rhe plate is shown parallacticallu displaced in the other, the amount 



of the displacement depending upon fhe neamess of the cloud. the apparatus registers therefore im- 
mediately the altitude of the clouds, and by tahing hoo double photograms successioely their speeds 
and dtrecHons can be measured. the photograms nos. 441 and 449 are connected in this manner; the 
other photoorams are independent and seroe efclusioely for determtning the altitude, thi? oelocity and 
direcHon bdng determinable by the additional aid of a nephoscope or cloud-mirror. 
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the appanhis unniis auhmuHoUta a nhi cap, aii4 afler Hic opositre also a pUh-^rnrnftr ni i 
deoice for adJusNng Hie posiHon of mc Aresh plare, afler lolUdi üt Is read« for rmeioed actUm. 

See Rapport da Comitd ndtdor. latoraat, rdialoa d'uptal, tiM. MeleoroL 
Zeitschr. 1199, p.llT. Zeilschr. f. Inslntmenlenk. UM, pp.ttl and Uf. 



4. F. 0. H. öoetee, tclpElg, 4 Häftcistr. 

Prof. C Beckmatltl*S thermometer toim oarUble mercitry durge f&r determittiag swH 
dlffinrences of lemperahtre al all lemperahares lohldi caa be tucasured In eoacualed »ercurv ntcnM- 
meters (Zeitschr. f. phusiliat Chemie II, p.M4; XV, p.6T); XXI, p.tlt). 

the scales embrace tmr a snuU number of deorees flgured Hi an upioard snccessiOR wU 
are diolded inio Vm and Vm degrecs respectioel^, and loilh Hie aid of a magnifter caa bt 
made lo read Vint ^^ Vnn*^ rc s pec H oe l n. 

A duraderisHc fdihtre or Hiese mcrmometers Is Hie looped form of Hie »ercury rcscrmr 
(Tifl. 1). bi| means of lohidi any desired qnanHI^ of mercuni can readity be scparatcd fm 
Hie bttlK of the mercuni In sudi a manner as lo obolale Hie rehsm Aoto of Hie mercitry Hns 
Isolated. fOilh equal ease Hie lohole or tm^ portlon of Hie Isolaled mercuni can be made lo 
Aow badi lo Hie main columtu 

In addlHon, Hiese Hiermometers possess Hie fbllowlng disHncHoe ftahtresi-^their scaks 
are made of opal olass hermeHcaliii endosed In Hie ouler glass hibe, and hence ertrenchj 
flne dioislons can oe clearlii seen wllhottl effbrt. A nedi or slem of appropriale lenatli is 
made lo inleroene behoeen Hie bulb and Hie capttlaru htbe so as lo uHuae Hie fuU unglfc 
FI9.I. oflhe Scale. 

the eihibils comprise:-' 

a. theriliometers for freeilng and bollHia lests, mith shorl bulbs so as lo aooid high fluid stnb 
mhen determining boiling poinls. Inleroals or VtM*- ^4- )• 

b. thermometers for freeilng lesls, mith long bulbs. Inleroals of Vlit^ Flg. 9. 





Figs.2and5. >^, füll siie. 

In addlHon, Ihe following Hiermomelers are made:-' 
lUnge of scale: 1 degree. Inleroals: Vm degree. 

9 lo 6 degrees. Vim 

- - - 10 - IJ - ' % ' 

. . . J9 - 90 ' - % ' 

' - 90 - 90 - - •/« - 

thermomelers are also gradualed in ani| olher manner, lo suil special requiremenls. 



5. Harhnann & Braun, Frankfort-on-the-Maiti- 

Maktrs of dectrical neasuring Instraments. 
(See also SecHon VI.) 

t. Tr. Kohlrausch's Carth-magnetic BifUar Daiiometer (Firm's caiaiogue no.4io). Ir 
conlradislinclion lo 6auss*s inshumem Ihis oariomeler is flHed wilh a small tubulär dead-beal 
magnel influencino ils oicinil^ onli| In a slighl degree. the conslanl is delermined simple by the 
lorsion-head, and the Suspension conlrolled bt| means of adjuslable mirrors. 
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2. Tr. KohlraU5Ch*5 Carth-magnetiC Dariometer toINi dirrcHii attadied reading telescope 
(TimCs caUlogue no.4U). 




Tour bar-magnets are emploued to deflfct Nie suspended steel magtiet mirror and produce in thdr 
oldnit^ a otry uniform Rdd; mcii can be movfd so as to oani the rtauired degrfe of sensitioentss. 
rhe magnet ncfdlf is df flected 90* out of thf meridian, oscillations of the declination liaoe accordingly 
no inAuence upon the readings. 

the horiiontal intensities of terrestrial magnetism at different places can aaordinglii be compared 
mitli great nicety (t: 10,000). 

3. Tr. Kohlrausch's Simple £ocal Dariomettr for determining the local dunges of the 
horiiontal intensity pFimi's catalogue no.4tta). Ihe method of Observation and the general principle 
of the instrument are the same as with the intensihi oariometer, but the instrumenf is simpler and 
more portable. Its degree of accuraqi sufftces for most purposes (1:1,000). 

4. Tr. KohlraU5Ch*5 Utlifitar nagtietometer. the magnet is attadied to the badi of the 
mhrror uihidi at the same time seroes as an air damper (Firm's catalogue no.4t5), or as an annular 
magnet in a copper damper, capable of rotation with respect to the mirror, and mounted with a 
minimum use or metal nlo.4t5a). 

5. 6aU55 atld Wther'S nagtietometer for determining the horiiontal intensity and de- 
clination (Firm's catalogue no.42t). 

6. LWtbtr's DtIferenHal earth-magnetic Inductor (Firm's catalogue no.420), containing 
tioo similar coils the positions of whidi are mterdungeable, and mounted so that thet| can be tumed 
HO' round their aies uihidi are placed at right angles to eadi other. 

R Single minute sufRces to determine the inclination angle with the aid of a differential galoano- 
metrr in uihidi the currents passing through eadi coli are made equallii strong bi| appropriate Shunts, 
the ratio of the shunt resistances gioes the tangent of the angle of inclination. 

this instrument is the property of the Physical Institute of the Unioersitii of Kiel. 
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6. W- C. Heraeus, Hanau. 

PtaHtium Smetter and nedianician. 

Ihis Rrm has, at the insHgaHon of thf Imperial Physical and tfdinical Institute of Charlottenburg, 
occupied itself continuonsty for the last few ^täxs toith the preparation of pure metals of the platinum 
group. the latter can now be supplied in considerable quanttties and in an almost absolutety pure 
State. 

Ihese pure metals haoe been applied to oarious scientiRc purposes bt| the Imperial Physical and 
tedinical Institute and are partlu used for tedinical purposes. Ihis applies in particular to pure pla- 
tinum and rhodium as used in nie manufacture of Le Chat e Her *s tnermo-electric couples. 

the possession of pure platinum has led to the production of platinum alloys whidi formeriy, bdng 
prepared from impure metals, could not be put to practical uses. 

this applies in particular to the platinum-iridium alloys, whidi, though containing a high percentage 
of Iridium, possess all the properties of platinum and, in addition, a degree of hardness whidi is similar 
to that of Steel, this has rendered platinum anailable for use in seoeral departments from whtdi tt 
was formerlu ercluded. Mr. Kerm. FrommhoU, of Berlin, makes, e.g., platinum-iridium canulae of 
platinum alloi|ed with 50 per cent of Iridium, the demand for whidi is increasing annually. Platinic 
alloys constitute inoaluable elements in the manufacture of many medical and scientiRc applianccs, 
ouiing, principalli|, to the inoariable properties resulting from the purihi of the metal. Pure Iridium, 
whidi is eoen harder than platinum-iridium, is employed, in the construction of many scientiRc Instru- 
ments, in the form of Rne disks and rods. 

the efhibits include:— 

t. Ce Chatelier'S thermo-etechlc Coupte» in the eihiblt of the imperial Physical and 
technical Institute of Charlottenburg, and of messrs. Keiser 9t Schmidt and Siemens k Kalske, 
of Berlin. 

2. HodS of pure platinum, palladium, rhodium and Iridium, in the eihibit of the Imperial Phi|sical 
and tedinical Institute. 



1. Junkers & Co., Dessau. 

t9orks: Bunkers & Co.» Dessau, 6ermatii). 

Representatioe: Arthur Schleicher, Paris, 173 Rue St.-FIartin. 
State Medal: Munidi tl9l. 6old Fledal: Rheidt 1199. Siloer State Fledal: BeHin 1199. 

t. Prof. 3utlker*S Calorimeter. Patented in nearly all countHes. Kighest awards: Chicago 
1199, Erfurt 1194, Ceipiig U97, Munidi U9I. 

this calorimeter seroes to quidilv and accurately determine the caloric oalue of gaseous and Ruid 
combustibles. Tig.t. 

the combustible is consumed bi| a suitable bumer with an open Rame within a compact oessel 
pronided with a large heating surface and is made to gioe off the whole of the heat eooloed to a uni- 
form current of water flowtng through the nessel so as to establish a state of inertia, when at any 
Qioen instant the amount of heat carried away bi| the current of water is equal to that generated bi^ 
the combustion. 

the caloric oalue is determined bi| multipluing the amount of water corresponding to the gioen 
quantihi of the combustible bi| the increase or temperature and dioidino bu the quantitu of gas bumed. 

the calorimeter has been tested bu many authorities, e.g. the Imperial Phusical and tedtnical Insti- 
tute of Charlottenburg and Prof. Slaby, who haoe cernRed a degree or accuraqi whidi aoreed 
within 0.4 per cent with the best Known strictli| scientiRc methods. In spite of its great efacrness 
the Instrument is well adapted for practical purposes; it does not necessitate anu determination of the 
thermic water-oalue, &c., and can be worked in a few minutes by any untrained person. 

the calorimeter is being used in coal- and water-gas works, motor works, blast-fumaces, tedmical 
Colleges, laboratories, 9tc. for determining the caloric oalue of coal-gas, water-gas, acetulene gas, gene- 
rator-gas, Dawson-gas, cupola-gas, petroleum, naphtha, ligrolne, beniine, beniole, spirit, 9tc. 
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Fig.!. 



Fig. J. 



2. Prof. 3unker's Rapid Water Heater and 6as Balh-healer (on thc samc principie as 
thc calorimfter and simttarly conshructed). Tig.). tOator-current htaters for thf rapid and fconomical 
generaKon of a conHnuous otrrent of toarm, hol or boilino toater. the gases art rutli| uHlized to toithin 
92 per Cent, as cerHRed bt| ofRcial tots. thei^ are made in Darious siies \o suit erisHng requiremenb, 
i.e., for 60, 120, 200, 900, 450 catories per mtnute and more. these heaters are being used bi| physi- 
cians and surgeons, dentists, coiffeurs, in resUurants, caf^s, kitdiens, bed-rooms, laoabries, and bath- 
rooms, for the maintenance of entire domestic toater-heating pipes, for rinsing toine-, beer- and milh- 
bottles, Photographie and lithographic plates and other commerciat and domestic purposes. 

aactaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

$. Ernst Lo€W€, Zittau {Saxony). 

Phiiosophicat Instrumtnt Vlaktr. 

Kighest Atoard: International Medical Congress, £ondon. 

Siloer Fledals: £ondon, Antioerp, £ioerpool, Falmouth, Melbourne, Görlitz. 

netattic Indff nairimum Thermometer, described as the best eristing 

fener-thermometer. this thermometer can be guaranteed to remain reliabte. 1t 
is undungeable, permanent and unbreakable, and can be repaired at any time. 
1t is supplied loith certiRcates by the Imperial Physical and tedinical Institute 
of Charlottenburg. 

Flany of the highest authorities testifii to its efcellent qualities. Ooer 20,000 
of these thermometers haue been supplied. 

to be obtained through any important instrument dealer, or from the manu- 
facturers. 




TttU sUc. 
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9. 6. £ufft, Stuttgart. 

naher of netaUic Barometers. 

Cargest establlshment for the Manufacture of MetalUc Barometers. 

Kighest Awards. 

this firm was established in tllO and undertakes efclusioely the manufacture of metallic baro- 
meters, of whidi many thousands are erported annually to all parts of the world. Attention is primarily 
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beshnofd upon accuraqi and suitable desioning. the nhibits art Intended to iUustratc Hie high 
Standard of accuraqi readied by Hils Rrm, ut consequoice of tohldi its producHons, tohcmnr cihibUcd, 
haof inoariably been amarded thf highest disHncHons. the oarious objects of manufachtre are represented 
by a large assorhnent of barometers dioided into hoo groups. 

6roup 1. Omattlfntal Barometers. These are made in a great oariety of styies and sixes, 
both for hanging and standing, in metai cases and tooöden frames, loith and toithout thermometers. 
the indicaHons are ertremelii accuraie and so large as \o disclose eoen oery smatl oscillations of 
pressure, the weather durt is inscribed in any of n languages. 






the largest of these barometers are designed for adoertisina purposes, e.o. in front of optidans* 
Shops and for public use. their dials oary from 55 cm to 2 m and meir monements are correspondingly 
large, distinct and evact. 

the large Adoertising Barometer is suspended from an elegant un^ought iron bradiet. the dial 
has a diameter of 60 cm, and shoms on one side a barometer, on the other a thermometer. 





6r0ttp 2. Scientific Barotneters. t. fOatch, Pochet and tranelllng Barometers fbr the 
use of tourists, engineers, smelters and aeronauts and for altitude measurements. 
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y Reoisterlng Instruments. Self-recordinQ 
Barometers. Registering Thermometers. Re- 
gistering Thermometers for breioeries and malt- 
rooms, to read from toithout. 

eadi instrument bears a trade-mark. The toholesale 
trade onln Is suppUed. 





to. Möller & Sander, 
Rttona-on-the-eibe, 

64 Triedftistr. 

Proprletor: J.H. Möller. 

netalUc Barotneter Works. 

Atoards: 
Hamburg 1119, AUona tll9, Kiel tl96. 



Holosteric Barometers 
in wood and metal frames. 

Scales 
in all modern languages. 



Information man ^^ obtained from the 
Deutsdie Seeuiarte, Hamburg. 




Digitized by 



Google 



$0 SecHon IV. 



\ 



1 H 



tt. W. niehlS, Berlin N., trt Schönhauser micc. 

Maktr o( Technical 6\ass RppUances and Measuring Inshiiments. 

estabtished 1882. 

Rioards: 
1899. Chicago» Ihree highest aioards. 
1895. Cfibedi, 6otd Medal 
189T. Berlin, Sitoer State Medal 

1898. Dflsseidorf, highest aioard. \^ 

1899. Budapest, Sitoer Medal. 



1. the High 6rade Rod-thermometers ahmud m dtoided up to +hhr 

or 5l(r C. thf graduaHotis and If ttering are, bi| an orioinal process, Rrst etdied 
and subsequentitj bttmcd in. These Thermometers are nlled under pressure with 
a dr^ gas (COsN), and toere Rrst made by Dr. Schott, of Jena. 

Ihe Rrst high grade thermometers did not readi beyond 500^ C, the pressure 
on the mercuni being about to to 12 atmospheres. Ihe thermometers subse- 
quently made bu the Rrm for the Imperial Physical and ledinical Institute readied 
up to 590^ C che pressure abone nie mercury being 20 atmospheres. Of these 
thermometers upwards of 2000 haoe been made and supplied to public ofRces 
and private users. Thermometers reading with sufRcienr accuracy as high as 
+510^ C haoe not been made until recently, a rod-thermometer of this kind hauing 
Rrst been shown by the Rrm in tl95 at the Meeting of the 6erman 6lass Instru- 
ment FlaKers held at Jena. 

£adi of the thermometers made under pressure is Rtted at the upper end of the 
capillary with a protector, isolatino by a dish and small hooK tne Unoer from 
the Upper section, so as to securelu protect the capillary from clogging by ac- 
cidentally disruptured particles of the sealing medium. This protector is re- 
gistered. 

2. niehls'S 6lass Hardness Scale is intended for use in sdiools and 
Colleges, in laboratories and glass warehouses. £adi case is prooided with füll 
directions. In the order of succession of the glasses no. t is thi? softest glass 
used commercially, this is followed by glasses of graduallu increasing degrees 
of hardness, and the last number represents the hardest or the glasses in use. 

9. Breguet'S netalUc thermometer for class demonstraHons Rtted 
with a suitable scale, as supplied to many sdiools. Registered. 

4. Prof. Eschenhagen's rele-thermometer for determining the tem- 

perature of distant places with the aid of telephones or galoanometers (see 
Zeitschr. f.lnstrumentenk. t$94. Dol.t4, p.99$). 

5. Coio temperature and Boiling Point thermometers. 
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12. Julius Peters, Berlin N.W., 4 thurmstr. 

naknr of Philosophicat and techtiicat Measuritig Instruments. 

(See also SecHons Vb and Vd.) 

Bf rthelOt-nahler's Catorimeter, after Dr. KroeKer's Utest desiflit, loith apparahis for 
loeighing Hie toater due to hi^groscopic adhesion and Hiat resulHng from the combusHon. These calorl- 
melers are supplied complete loUh all accessories. 

Rgcnts for Russia: 6/br. oon messen, Berlin, 2 Hlndersinstr. 

OC Ot Ot Ot <7t Ot Ot Ot <7t Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot <7t Ot Ot <7t Ot Ot <7t Ot 



Jrm« btro-sItlaU aUss. 

6radttaH«ii and tcftering 

in indctibtc cotovrs. 



Jena boro-siticaU glass. 



13. C. Hiditer, Berlin N.W., 4 ihumstr. 

naktr of PhUosophical 61ass Instruments. 
Thermometers ranging from —200^ \o +550^. 

A. Standard ttiermometers. these inshrumenls can be determined ründamentallii and are in 
rhemselnes capable of caltbraHon. the enlargements provided in Ihe capillani hibes take up (hat portion 
of Ihe mercuni tohidi has no share in the measuremenl of the temperahire, and they may be aaclly 
calibraled. 

RnaiUbU f^r tem- 
peratnrcs ranging Internat 
from t« 

no. t. ^od Hiermometer •*.*.* • • • — 5 -ht02* 0,1*^ 

- Sm ' ' t»««»«»»t«»»i»i«»««»««^ 5 + 55 0,1 

- 3. - +45 -hior 0,f 

• 4. - Pernet*s, adapted for oarlable 

quanHHes of mercuni - 40 +150* ^X 

' 5. Sealed-in Ihermonieler - 5 +10J* O.f 

. 6. - - 55 + r o.r 

' T. ' ' Standard for altitude measure- 

ments +15 +lor O.r 

' %. +95 +155* 0,f 

. •. - +145 +J05*» 0,P 

- 10. - +195 +255* 0,r 

B. Ttiermometers for £aboraton| and Industrial Purposes. 

rio.t f. n set, in tohidi the ränge from to 500'' C. is distribut- 
ed ooer three thermometers, eadi of tohidi can be call- 
brated independently and determined fundamentallu • . — 10 +900'' 
' 1 3. n set, in tohidi the ränge from to 400* C. is distriSut- 
ed ooer four thermometers, eadi haoino the freeiing 
point marhed. the capillani tubes are If lled tolth dn| 
aas abooe the mercury - 10 +400* 

- 13. fiechmann^s thermometer for variable quantities of 

mercuni - 40 +250* 

' 14. Rod thermometer toith freeiing point Rlled tolth gas 

dX a pressure of 20 Htm. absol. . +500 +550* 

- 15. Kohlrausch*s rod thermometer, Rlled with petro- 

leum-aether -tio + 20* 

- 16. £ouguinineandChappuis'srod thermometer, mied 

toith toluol ~100 + 50* 

. iT.Wahlhe's sealed-ln thermometer, for correcting the 

erposed column. — 10 +500* 

' IS. f1ahlke*s sealed-ln thermometer, for correcting the 

erposed column — tO +500* 

McAamlcs and OpHcs. 



0,5* 

l* 

0,01* 

l* 

l* 

l* 

l* Bulb 100 mm long 
l* - 200 - 

6 
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t4. Siemens & Halske Omited, Berlin. 

(Scf also SecHons Va, VI and VII.) 



Fig.!. 



\ rhermo-eUctrlc couplc 
\ loith porcflain sheath. 



X 



lA &1 



Dolhnetnr. 



iii'>'^ 




Junction. 




Fig. J. 

Ptiromettr (Fig.l) for mfasuHng tempcrahtres rrom O \o l,60(rC^ adaptfd for smdHng, dishUtnd, 
roundtry toork, &c., consisHng of a sensiHoe and accuraU miUiooUmfter ppig. 2) and a Ce Chi- 
telier plaHnum-rhodium thf rmo-electric couptf, sUndardiied bi| the Imperial Phipstcat and 
redinical Institute, enclosed in a double sheath of Hecht 's composition. 

rhe ooltmeter is of the Deprei-d*Arsonoal type and has a nu)oable suspended coli and a wit 
Scale indicatina from to 0.01$ oolt, and a temperature scale, eadi dioision of whidi reads 10" C 
Ou)ing to its high internal resistance, whidi largelu consists of manganine, the instrument may be set up 
at a considerable distance from the fumace without the necessity of making allowances for the rcsistancf 
of the conducting wires or the temperature of the ooltmeter. 



15. tudwig lesdorpf, Stuttgart, n Torststr, 

Naher ot ScienKflc Instruments of Precision. 

Speciality: Rstronomical and Suroeying Instruments. 

(See also SecHons lila and III b.) 

Magnet theodoUte, after Prof. Cschenhagen, of Potsdam, constructed to meet the requirr- 
ments of erplorers. the horiiontal limb has an opening of 12 cm, it can be rotated, and is divided 
on siloer in V<^ ^^^ dioisions being read within 12' by reading microscopes. 
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A otry sensiHof nugneHc decUnaHon tiffdle consisHiiQ of four superposed flat steel laminae is 
providcd loitti a small tnirror at the end neartst \he obJecRof. 

Bu mcans of an original dcDice the maont Nneedlf can bf fired, rcDersfd and rtpUcfd on i\s piool 
loittim the metal casing surrounding it totrhout opening the glass coner and without toudiing it toith 
the flngers. 

the horiiontal inclinable telescope seroes both for niewing objects in the fleld and for obseming 
and adjusting the reflected image of the glass eyepiece micrometer lohidi appears as nertical Unes in 
the mirror aßadied to the horiiontallii osdllating needte. the angular differences resulting from eadi 
set of obseroations are read off the horizontal circle. 

After detadiing the compass, the understructure of the Instrument seroes as a basis for seoeral 
accessories, sudi as the dipping needle, the oscillation bof toith its Suspension tube for ascertaining 
the intensity of the tubulär deoiating magnets, a theodoUte body (Standard and altitude circle, &c.). 
the instrument case contains all the accessories and auriliary tools required for the use of the Instru- 
ment, also thermometers, magnets for re-magnetiiing the dipping needle, 9tc, 



cmcmcmcmcmcmememememomememememememcmememememememememem 

16. 0. Töpfer, Potsdam. 

Naknr of Philosophical Instruments. 
estabUshed 18T3. 
(See also SecHon II.) 

Prof. Eschenhagen's Portabte Registering Rpparatus for nagnetic Obsen^ations 

consisting of a registering apparatus, a Untern and aseriesof Variometers set up at oarious 
distances. 

the rays reflected by the mirrors of the oariometers are concentrated by lenses into Rne luminous 
Points and projected upon gelatino-bromide paper, surrounding the qilinder of the registering apparatus. 
Ulis qiUnder rums once in 2 or 24 hours, and the time is registered eoery 5 minutes or eoery hour 
accordingly. 

the magnetometer, as conshructed according to the erperience gained from obseroations made at 
the Magnetic Obseroatory of Potsdam, possesses the follouiing adoantages: A double mirror 
attadied to the magnet seroes to erpand the limits of registration; the mirror is readily adjustable; 
the magnet casing (s easily accessible; the action of the copper damper is adjustable; eadi part, oii. 
the maonet case, su^ension-tube, torsion-head, can be tumed separately; the Suspension can be clamped 
so as to minimise the rish of rupturing the suspending thread. 

In Order to obtain an intensity oariometer, the blRIar Suspension is replaced by a Single thread, 
the nuranet being placed at right anales to the maonetic meridian by tuming the upper Suspension. 
By sttiubly selecting the thidiness or the thread, the degree of sensitioeness can be rendered more 
than 20 times greater than that of the usual Instruments. A small reooloing magnet attadied to a 
rail seroes for determinino the degree of sensitioeness. the latter can be oariecT by means of an 
adjusting magnet placed beUno the magnetometer (see Sitiungsberidite der Deutsdien Physikalisdien 6e- 
seUsdiaff in Berlin, 1199, Ao. 9). 

the maonetometer can be eauipped with a scale-telescope of special conshruction, so as to render it 
aoaiUble ror ocular demonstrations. 

Otoino to the smallness of the magnets, the declination and intensity magnetometers (a oertical 
oariometer is under consideration) can be set up within a small space. this mode of setting the 
instrument up is particularly adapted for the method of simultaneous obseroation proposed by Prof. 
Eschenhagen and adopted at tne international congresses held at Paris 1996 and Bristol 1991, as 
well as for longer or shorter series of registrations of oariations, sudi as are rendered desirable for 
the purposes of magnetic suroeys. 

this instrument is the property of the Royal Magnetic Obseroatory of Potsdam. 

9' 
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tt. Wilhelm Uebe, Zerbst (Rnhalt). 

nanufacturer of Qitiical and Chemical thrnnometers. 
Efporter of thermometers of alt hitids and 6la55 Hursing Implements. 

Kighest Atoards at Universal Grhibitions. 2 Diplomas and 2 Medats at tht Chicago fOorld^s 

GrhibiHon 1193. 






aR.aM. jgC4oa 

aiunMm-ScaUi 




1. Uebe' 5 Minute Qinicat FUurimum Itiermometer loith aluminium or mica scau, othmoisf 
madf enHrelii of Jena normal 6lass. Reo. in 6erm. D.R.6.R nos. 29,406, 91,615, 14,266, 66,609. 16 cm, 
19 cm and 10 cm long. These new Minure Marimum Ihermometers possess the foUowing adnanlages:-^ 

a) the thermomeler is uiithoul melal mounHngs, nidiel or brass capsules, it being a weil knoum 
fact Ihal these offer no permanent protection; on the contrani, being apt to uiork loosc during 
use or transport, especiallu uihen erported oner sea, the rish of breakage is therebti increase£ 

b) Ihe Scale being under gUss is not apt to be injured and become indistinct, as is the case 
with etdied thermometers. 

c) the thermometer, being hermeticalln sealed, can readily and completely be steriliied by an^ 
antiseptic fluid, and no dimcultu can possiblii arise from impurity or the penetration of the 
antiseptic fluid, they are supplted in a new form of antiseptic leather case. 

All liebe thermometers are supplied uiith certiRcates b^ the Imperial Physical and tedinical In- 
otitute, or bu the manufacturer. the tests are twofold and accurateiu conform to the reouirements 
sf that InsMtute. 

2. Cingual Minute Thermometers. Reg. in 6erm. D.Re.m. no. 9,9T6. 




3. Minute Maiimum thermometers, graduated on the stem, 6, to and 12 cm long. 

i ii | iiii[wi|iin|ii.jiip | iijj|ii^^ 




4. neu) Minute Maximum thermometer, with blue enamel coating. Reg. in Germ. D.R.6.R 
no. 96,466, oeri| easy to read, the contrast between the enamel and mercury being oery 
marked. 



£ 



T|mrpni]iTi itL 



=e 



Digitized by 



Google 



Section IV. 



$5 



5. Chemical rhermometers toUh bluf enamel markings. Reg. in 6erm. D. R.6. R tlr. 56,496. 
rhese thcrmometers possess the noDfl ftahtre (hat the stem is coaUd toith bluf enamfl, uihfrfbi| thf 
mercuru columti shows most disHncttu bu contrast and the process of reading is 
greaHy facilirated 




t$. £. R. Zsdiau, Hamburg. 



neumaiier'S MagnetiC trauelUng theodoUte. mu inshrument is adapted for rapidly and 
accuratetii derermining out-doors the magnetic decUnation and horiiontal component of the terrestrial 
maonetic force. the relescope and maonetic casino are mounted in a similar manner to £amont*s 
insrnunent. Ihe magnets are fltted wuh mirrors For adjustment and sioing on points. Suspension by 
cocoon silk flbres has been aootded efcept in the apparatus designed for measurement bu oscillation. 
Rfter remontng the magnet casino the oscillation bor can be mounted upon a theodolite. the aiimuthal 
drcle has a radius of Mmm and is dinided into Vi"" reading by microscopes to W. the declination 
maonct is reoersible and two magnets are compounded into one. the magnets are tOcm long and 
their centres are 2.5 cm apart. CoUimation of tne circle is accomplished either bu direct sighting when 
the sun is hno or by reflection when it is high, the horizontal intensitu is determined by deoiations 
at two distances in combination with the osctllatoni method. the deniarion rails can be unscrewed 
on either side when not reauired. the deniating magnets are tO cm long and can be placed into rioid 
sliding bearings on eadi side of the rail lOhile determining the deniations the magnets are protecred 
by aluminium casings fltted uiith thermometers for ascertaining the temperature of the magnets, and 
a smaller magnet is suspended within the casing; this maonet is 50 mm long and non-reoersible. the 
deniations are produced m the usual manner and, after serting up the oscillation boir, the oscillatory 
method is liKewise folknoed in the customary manner. the traoelling case is appropriately fltted and 
contains all necessary tools for re-sharpening blunted pins and for othenoise keeping the Instrument 
in oood Order. 

ihe apparatus is mounted on a simple traDclling stand« and a leather case is supplied for use as a 
knapsadi. 

this instrument is the property of the Imperial Marine Obseroatory at Kamburg. 
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V. OpHcal Instruments. 



a Photometrical Rppliances. 



t. S. Elster, Berlin N.0.43, er/e« neue Königstr. 

Manufachirer of 6as Rppliances. 

t. Bunsen Photometer, this photometer seroes for mcasurlng horiiontal rays and doiontoard 
radiatfd light and conststs of a stand 2.6 m long. Hie upper ralls of lohidi are prooidcd toith scales 

St, S| and Sf. Ihe photometer-head F Is made to 
rotate so as to mcasure light at certain angles. thc 
incUnaHon of the rai|s muh respect to tfic horilon 
is shoton bn the pointers Ht and Hs on a scaleG, 
and the sl(de A is placed upon the corresponding 
point of Scale S«. In addition, the distance of tht 
Standard flame E from the diaphragm C is variable, 
so as to admit of most accurate measurement loith 
the aid of scale S4. 

2. Comparison Body. Ihe usual paper dU- 
phraom is sultably replaced by the comparison bodif 
suppTied loith this photometer for the purpose of 
measuHng sources of light the cotour tint of lohidi 
resemble that of the Standard flame. Ihe com- 
parison bodi| consists of tioo parallel pieces of 
alabaster-glass separated by a reflecting plate of 
siloer. 1t is eitremeli| sensitive loith respcct to 
differences of colour and therefore particularlii 
adapted for adjusting flames for a cenain degrre 
of combustion. 




of combustion. 
DescHptioe price-lists may be had on appUcation. 



2. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Hdolphsbrüdte. 
Estabtished tT96. 

Optical InsHhtte: Spectrum Rpparatus, Prisms, Phototneters, ProjecHon Rpparatus, 

Sciopticons, Cantern SUdes. 
(See also SecHons Vb, Vd and VIll.) 

t. Photometer Bendl, 3 m long, lolth £ummer andBrodhun's photometer-head, Rtted loith 
telescope in a Une loith the aris poum. f. 6asbel. U94. p. 6t). Tig. l. 
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Fi«. 2. 

2. Hefner's Camp lOith Kr ÜSS'S OpHcat Tlame-gauge including Controlling gauge and 
trimmer. CerNRcaUd by \h€ Imperial Physical and tfdinical InsHhiU. Fig. 3. 




^ 



M 




Fig. 5. 



Fig. 4. 



3. Photometer Stand for incandescent tamps. Fig. 5. 

4. Krüss's Optical Flame-gauge. Fig. 4. 
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5. L Ueber's Photometer for determining th€ lighHng poionr of lumtnanb and the brightness 
of diffuse tight, Rtted toith tummer and Brodhun's prisms. Tig. 5. 

6. Spectrutn-phototneter toUh tummer and Brodhun*s Compound prism (own construcHon) 
with hDO symmetrical slits (Zeitsdir. f. Inshiimentenk. ts, p.t2. tS9S). Ttg. 6. 

ov ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ov ot ot ot ov ot ot ot ov ot ov ov ot ot ot ot ot ot ot ot ot ot 

3. Tr. Sdimidt & Haensdi, Berlin S^ 4 staiisdireiberstr. 

OpHcal Uorks. 
(See also SecHons Vb, Vd and VIII.) 

I. Spectrum Photometer. 

ErhibUs:- 

t. Rrthur König's Spectrum Photometer, new modei, wUh teUscope adapted rormicro- 

metric rotation about a horiionral aris. Tig.t. this photometer is absolutely free from reflecHons, and 




Fig.l. 

Arthur Kdnlg's Spccrnim Photametcr. nno modct 

the tine separating Hie comparison Relds disappears completely when the tntensities are e(|ual in both, 
whldi nuteriatlv affects the rapidity and precision of the adjushnenh the measuring deuice Ukes the 
form of a Hicot prism. 

2. £ummer and Brodhuti's Spectrum Photometer Rtted wUh two coiumators piacedat 

right angles to eadi other and Cummer and Brodhun's photometer cube. 
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3. BraCf's Spectrum Phototnetfr. Brace*s nint prism consists of hoo cemented prisms and 
serxits for dispersion as toell as for the comparison of the pencils of light emerging front the collhnators. 

In nos. 2 and 9 the liaht entering one of the colUmators is moderated to a measurable eitent tn; 
altering the lotdth or the slit or by means of an adjustable sector lohidi is either made to 
rotate lohile the rays pass straight through it or remains stationan^ lohile the rays rotate (see flo. T). 



II. Stationani Photometers for lOhite £ight. 

these applUnces are (Itted loith a measuring deoice based upon the lato of inoerse sqtures. 
4. Photometer Bendies. 



a) Simple pattern. 



Dirge pattem,^ toith three carriages traoellin^ on ttDO steel tubes; on one of the tubes tbO cn 
are dit)ided into ntillintetres or in terms of tntensity units bt| qtiadratic progression. 

Comparisoti Rppliaticfs for photometer bendies. 



a) Simple apparatus Rtted toith martens*s<) ttoin prism. 



£ummer and Brodhun's photometer head toith concentric comparison (lelds, for measurr 
ment by the method of eqtial intensities. 

c) £ummer and Brodhun's photometer for measurement by themethods of eqtial intensities 
attd equal contrasts.') 

d) £ummer attd Brodhun's contrast photometer capable of rotation through a measurablr 
angle about an aris at right angles to the optical bendt. 

6. RppUatices for photometricattt) testitig iticatidescent lamps. 
a)Xtoo statiottan^ mirrors includiitg an angle of 120^ 
b) Rpparattis consisting of ttoo rotating mnrors. 

III. Portable Pliotometers 
for lOhite Oght. 
T. Brodhun*s Street Photo- 

tneter^ ntted toith tummer and 
Brodhun*s photometer cube, speci- 
allti adapted for the photometru of 
Street lights, with hoo lamp castngs 
for incandescent lamps or bamxu 
candles. the photometer gattge taltes 
the form of a sector of oariable siie; 
its nooel feature consists in that the 
sector is statioiuru, tohile the rays 
of light are made to rotate. 

S. £eonhardl3eber*5 Pho- 
tometer fltted toith £ummer and 
Brodhun*scube, with table shotoing 
constants. Tig. 2. this photometer is 
portable and senies: t. ror measuring 
the luminosity or intensitv of tumin- 
ants in terms of Hefner candles; 
2. for measuring in terms of metcr- 
candles the degree of Illumination or 
the indicated brightness of planes 
illuminated bt| a luminant or any 
description; it is equallti well adapted 
for tedtnical and htigienic purposes. 

9. Martens's Utw Polari- 
zitig Photometer for white iight. 

The two pencils of light whidi are 




Tig. 2. 

I0rtorr*s Photomrrrr. 



• SdcnHAc opHcUn af the Arm. 

< the applUnces mirked > are included amoBt rhe eihitoirs of the ImperUl Physial and tediniat InsHtute ißtt under riuir luatfiai). 
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to be compared tolHi eatfi other cnla the photometer through hoo openings a and b and pass succes- 
sioetv throttoh an objccHDe, a double refracHng bloltaston calc-spar prism, a hotn prism loUh its 
lialoes t and 2, an anatuitng Hicol prism, aRamsden t^tüiat and the central aperture of a diaphragm. 
Che eiperimenler sees nelds t and 3 respecHvely fllled loirh liahl enlering Ihrotmh Ihe sUls a and b 
respechDelu. the measuremenls described under Ylo. S are made toilh Ihe aid or a small incandescent 
lamp supplied by a current of constanl strenglh. 

the enrire pholomeler can be himed loilhin a measurable angle round ils longitudinal aiis, round 
molhcr »is, fioriiontal and al righl angles to il, and round a oerHcal aiis. 

rhc mosl imporlant applicaHon of this pholometer ts probablu Ihe eiaminaHon of the intensity of 
comptelelv or parlly polariied parallel light sudi as \s emitted bi| the sky. 




4. Siemens & Halske ütnited, 
Berlin. 

(See aUo SecHons IV, VI and VII.) 



Hf fne r Standard £amp for Photometrie 
measurements, standardiied by the Imperial 
Physical and Tedinical Institute, combined with 
H efn er *s and Kr üss *s flame-scale, with gauge 
for the latter and the widi-tube. 



b. Spectroscopes and Optical Neasuring Instruments. 

t. R. Tuess, late J. 6. öreiner jr. & öeissler, 

Steglitz near Berlin, T/S Düntherstr. 
Mediatiicat atid Optical lOorks. 

(See aUo SecHons III a, IV, Vd and Vg.) 

t. lltW SpfCtrotncter (see Tig. t) fltted withRubens*s telescopes and mirrors. (See dupter on 
Spectrometers, C. £eiss. Die optischen Instrumente, &c. p. t). 

2. U. Schumatltl's Quartz-spectrograph, intermediate model. Ihe objectioe lens has a focus 
or 400 mm for the sodium line. the camera objectioe and slit are adjustable by a radi and pinion 
mooement. the draw-tubes are graduated in mülimetres. Diaphragms fit in front of the objectioes 
and their apertures can be read ofT in millimetres. the slit is formed by hard steel dieeks and can 
be adjttsted bu a micrometer-screui within Vtooo nrni* In front of the slit there is a detaduble wheel- 
diaphragm loirh Square apertures for coincident photooraphs. the loheel-diaphraom has also an opening 
coincident with the füll aperture of the slit and anofher opening containing a nlm of uranium glass. 
the dark slide is adapted for 4.5x12 cm plates. One half of the focussing screen is ground glass, the 
other uranium glass, so as to focus at the same time the red and oiolet parts of the spectrum. the 
dark slide is Rfted with a screui and dioided drum for taking a successioe series of photographs one 
abooe the other, the mean position being shoum by a pointer. the frame for the dark-slide tums 
about a vertical aris, a diotded circle indicating the amount of the rotation. the aiis of rotation pro- 
duced coincides with the coating of the Photographie plate. lOithout this means of slanting the photo- 
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graphtc pUte, it toould be impossible to photooraph toith unirorm shanmess an ei tended region of Hu 
spcchiim. The body of \ht carnnra can be placed at any desired angle to tht sU\ collinuror, and tts 

Position reads ofT to 5' by a grad- 
uated cirde. Ihe prism staae Is 
prooided loith a dioided circie, i( 
rotates independenHv and can Ix 
connected by a dark dumber loiHi 
the objectioes so as to evclude all 
Ught; conseouentlii the lohole of 
the spectro-pnotographic toork cn 
be carried out in a lighted room. 

iSee diapter on Spectrographic 
Ippliances, C. £eiss, ibid., p.M, 
and plates I and II.) 

3. 6.R.T0ütrin9'sSpectruni 
RpparahtS, adapted ror ilhtmiiuh 
tion by light of oary ing toaDe-lengths. 
Ihis apparatus can be used in con- 
junction loith any optical instrument, 
sudi as spectrometers, goniometen, 
polariiers, appliances ror measur- 
mg circular Dolarijation and nttcro- 

-^^^ ^ ^^ scopes. (CLeiss, ibid., p. n.) 

4. 0. Schumann's Uni- 
uersat Sparkitig Rpparatus, 

fitted loith deoices to cause the spark to pass either atong or at right angtes to the slit and adapted fbr 
the use of transoerse and longitudinal disdiarging tubes (C. £eiss, ibid., p. 99). 




Ihe spark traoerses the slit at right anglß 



5. D. Schumatiti's Sparking Rpparahts. 

(C£eiss, ibid., p.92). 

6. Direct uisioti Fluid Prism. 

T. nno Crustat Re fractomftrr, Model II. rhis Instrument has been designed with the primanj 
obiect of rendermg it aoailable for the eramination of small and defectioe surfaces of crystals and 
mtneral parttcles contained in microscopical preparations. the instrument is equipped with a patentfd 
Ught-eicluding casing, lohidi admits or its use in a lighted room. Bu this means, the refractomdnc 
inoestigation, especiallu if it relate to petrography, can be carried out in attemation with the micro- 
scopic eiamination. the light -eicluding casing being readity detadiable, obseroations may be madf 
witn the additional aid of a universal mirror, both arter the method of oraiing incidence and that af 
reflection. In addition, this neui deoice forms a permanent protection of rhe hemisphere from ertenial 
injuries. 

the oertical circie is dioided into Vi"* ^^^ ^^^^ t' by a oemier. the horijontat circie is dioided 
into Single degrees. the former is adjustable by a micrometer-screu) with a dioided drum for measur- 
ing dispersion and small degrees of double refraction. One internal reads tO'. (C.£eiss, ibil. 
pp. 45 and 969.)-^tables for determining the refractioe indices from the readings of the dioided circUs 
will be found in C.£eiss, ibid., pp.969-96T. 

S. Refractoscope for demonstrating the curoes of intersecting Inder surfaces and 
those of intersecting surfaces of rays. the phenomena demonstrated by this apparatus wiHi 
the aid of an incandescent gas lamp are so intense as to be oisible to a large audience in a moderatctii 
dark room (C£eiss, ibid., p.49, figs. 9t-99 and p. 949, Tigs. 3t0 and 2tt). 

9. Rno Fluid Refractometer, with J.r.ei|kman*s heating apparatus (C.£eiss, ibid., p. 970). 
tables for determining the refractioe indices from the readings of the dioided circles will be found 
in C.£eiss, ibid., p.9S2. 

to. Polarizing Rpparahts for parallel and conoerging light. 

tt. Polarizitig Prisms of oarious forms. 

12. Polarizitig Prism, consistingofglassandcalc-sparcombined. Registeredin6ermanv(C.£eiss, 
ibid., p. 154). 
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13. PoUlli2tng Prism arter Jamin, loith calcite (lim and a hightii refracHng fluid. Rtgistered 
m 6fnnani|. 

14. RRraayer'S ClOCk-dritint HdiOStah (See diapter on Heltoslals, C.£eiss, ibid., 

p.m.) 

15. Readtng letescope. 



2. Bernhard Halle, Steglitz near Berlin. 

OpKcal l9orks. 
Specialihi: OpHcat PreparaHons for the PotarizaHon of Cight. 

A. PreparaHons of Iceland Double Spar. 

t. R niCOl loith obXiqat faces, rhomboid. 

2. ' ' ' ' Square secHon. 

3. - ' - orthogonal - (Hartnack-Praimoioski|). 
4. (6lan-thompson). 

5. - • afler ToucauU. 

6. - - - 6lan. 
T. ' Sphere. 

%. ' Double RefracHng Prism. 

9. Rn Original Method of preparing nicot prisms wiih perpendicuiar faces. this meihod 
s adapted for manufachire in large numbers and has besides ooer Ihe older process the adoantage of 
Itater accuracy, both as regards rhe quality of the surface and the eiactness of the angles, so as to 
ntirelii oboiate a displacement and distortion of the Image. 

Che eyhibitor has also constructed a sawing madiine for cutting the Iceland spar. Che form of this 
ladiitic is shoum in a photograph. 

B. PreparaHons of Pebble. 

10. R Prism haoing tts refracHng edge at right angles to the aiis. 

lt. ' Cornu Double Prism. 

12. ' Babinet Compensator conslsHng of hoo wedges. 

13. ' Soleil Compensator (two wedges and a compensating plate). 

14. ' lOedge, parallel to the aiis, 1. to III. order. 

15. - Bertrand Quadruple Quartz-plate. 

C. PreparaHons of ßlass. 

16. H Rectangular Prism. 
IT. ' Rutherford Prism. 
19. ' Plano-parallel Plate. 
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3. öustau Halle, Rüfdorf near Berlin, 53 Hermannstr. 

Naher of Scientific and ledinical Instruments of Predsion. 

(See aUo SecHons Vc. Vg and X.) 

t. £arge Unit^ersat Hetiostat adiustable for ant) polar altitude, loith an evcepHonaitv 
strona understructure and a reffecHng mirror haoing a surface of TOOqcm, and adjustable in 
height by means ofradi and pinion. the hour circle has a diameter of \tO mm, i\ is dinided at interoals 
of 3 minutes, and half-minures can loiHiout difflculhj be esHmated loith the aid of a magnifler adjustable 
for indinidual sights (supptied loith the inshumenn. the leneüing scretos of the stand are protected 
by dust-sleeoes. the ctodi-ioork is carefully regulared and fltted loith q|linder action. 

2. Smatl Uninersat (College) Heliostat adjustable for any polar altitude. its mirror 
has a surface of 335 qcm, it is adjustable for heioht, the hour drde has a diameter of $0 mm. the 
leoetling screws in the tripod are protected by dusr-sleeoes. the dock is of the cylinder type. 

ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot o^ ot <x 

4. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Adolptisbrüdie. 
Established tT96. 

Optical Institute: Spectrum Rpparatus, Prisms, Photometers, Projection Rpparatus, 

Sciopticons, £antem Slides. 

(See also SecHons Va, Vd and VIII.) 




Fig. l. 



t. Uninersal Spectrum Rpparatus, original constmction, for spectrum photometry, qualitative 
and quantitatine analysis, fltted with symmetrical slits. Tig. l. 

2. Spectrum Rpparatus with slr automaticallv adjustable prisms, of original construcHon. Dis- 
persion 92^ (Zeitsmr. f. Instrumentenk., 10. p. 91. tS90.) Tig. 2. 
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Tig. 9. 
3. KrÜSS'S RepeaHng Spectromrter loith micrometcr microscopes. Ti9.3. 



Digitized by 



Google 



96 



SecHon Vb. 




ri9.4. 

4. D. r). Cang's Spectrometer. Cirde tTOmm in diamerer, reading 90' b^ magnincrs. Fig. 4. 

5. Browning's Spectroscope. 

6. H. W. Dogers Spectroscope. 

5. Julius Peters, Berlin N.W., 4 thurmstr. 

Mäher of Phitosophical and ledinlcat Measuring Instruments. 

(See also SecHon IV.) 

t. Potarizing Rpparatits toith diolded circles (fbr homo- 

?eneotts lighQ for sctenHflc and aeneral purposes, after Mitscher- 
ich, Caurent, Cippich and Landoit 

2. PolarUing Rpparatus with compensating quarb 
wedges (for white light) speciallv designed for Hie purposes of 
sugar-reRners, agricuttural laboratories and customs inspectors after 
Soleil-Uentike, Herifeld and Stammer; also instrumenis of 
original design loith oariotts patented improoements. The lattrr 
insrntments possess certain optical adoantages lohidi render them. 
as unioersallu adinoioledged, eitremely sensttioe. the mean trm 
of adjustment is less than :^0.03*'Uentike. 

3. Polarizing Rccessories. 
neto AppUances. 

Potarizing Rpparatus With raaanifyina Scale from O to 35 degrees for determining Nie per- 
centage of sugar in beet-root. Reg. in üerm. D.K.6.M. no.ttT,l96. 

Potarizing Rpparatus haoing its quartz wedges mounted without pressure, whidi oboiates 
the disadoanfages resultina from the usual loau or mounting, lohidi bv unequal pressure or dimges 
of temperature is apt to Interfere with the oprical Image and thus to lead to errors of obsenutioR. 
6erman patent no. 109,199. (These Instruments are descrlbed as ''Standard Potariscopes.*! 

General &port Rgent for Cnoland and outside Curope: 6 eo. Stade, Berlin fB.P.R.) C. 2; for Rttssta: 
R. Bukowinski & T. Slaski, Kiew, 6ebr. oon Riessen, Berlin, 2 Hindersinstr. 
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6. Tr. Sdimidt & Haensdi, Berlin S^ 4 staiisdireibersh'. 

OpHcal Itorks. 
(See also SecHons Va. Vd and Vlll.) 

I. Polarizing AppUances and Sacdiarimeters. 

the generat optica! arrangement of these instruments is shown dUgrammaHcattii in Tig.l. 
the diapnragm A' and Mte illuminating tens K supply the necessaru iUumination. The nicot prisms 
N| and n, and dlaphragm D fonn parts of the poiariier proper; the diaphragm A, the Tlicol prism 
Nf together toith the snuH astronomial telescope OR, tohidi can be adjusted so as to haoe D in rocus, 
constuute the analyter and measuring apparatus. 



JT 

r 



K V 



A 



3H 



Ti9.t. 
PoUrttimf tpran^^i><- 



In Hie polariscopes Rtted toith diDided drclfs the tlicot prism N, is tumed through a determinabte 
angle corresponding to the rotatory power of the substance until both haloes of the Retd appear 
iliuminated to the same degree. the light used should be monodiromatic. 

In the Instruments fitted with wedoe compensators (saccharimeters) the rotatory 
power of the substance is compensated by the rotation, in the opposite sense, of a quarti plate of 
oarUble thidinfss. lOhite lamplight should be used for the Illumination. 




Tig.2. 
Stcduriiictcr «ith tUnUed mcasurimf ramg c 



McAbbIcs Mid OpHcs. 
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the erhibits inctttde: 

t . ItluminaHno Rppliances for sacdiarimftrrs. a. DUphragm tube wmi Screening disk fB inTtg.} 
and Tig. 4. D. R. 6. R tOO,S92) ; b. illuminating apptrahis toith small incandescent tiahr and scak Uhimnu^- 
ingmirror (VinTig.). D.R.6.m.t00,$9t); c.h'OttghioiHi|M>tassiumbidiromaresolttHon,adapUbletoa.orb. 

2. £atnps for white Uahh a. Smalt incandescent lamp requiring 6 oolts and 0.5 ampä^e, suSabhi 
supplied bi| rhree accumuUfors; b. small incandescent gas lamp, rig.4; c petroleum lamp, Tig.2. 

3. Pntumbra Polarizrrs. a. Jeller-Cornu*s model, improved bi| Schmidt a Haensch; 
b. Schdnrock*s model; c £ippich*s model, in tioo parts; d. £ippich*s model, in ttiree parts. 
6erman patent Ho. $2,529. 

Rll these poUriiers, a to d, are adaptable for sacdurimeters toith inoariable penumbra; c aad d 
are also aoailable for sacdiarimeters toith penumbra toith measurable movement. 




Tig. 3. 
Stcdurlüctcr «ith sHnple «cdfc cmpemsirtr. 

4. Sacdiarimeter with timited me asuritig ränge, c^ig. 2.) the qtiarti toedge compensatio« 
(deoised by Martens,n and protected bi| patent application) consists merely of a left-handed and rigM- 
handed quarti toedge, the thidi ends of tohidi are tumed totoards the same side and the deftection of 
tohidi is compensated bu a glass toedge. Martens's toedges are cemented at the thidi ends onti| so as 
to oboiate straining. (Patent applied for.) 

the lamp, illuminating apparatus and polariier are selected to suit eristing requirements. Fio. 2 
shoios a sacdurimeter toitn petroleum lamp, diaphragm tube B, Jellet-Cornu*s polariier P. the 
anali|2ing and measurino apparatus embraces an interoal of about 40* on Uentihe*s scale. 

a. Rpparatus for the evamination of urine, fltted toith an obseroation tube 200mm long 
and Scale readino the proportion of grape sugar contained in the urine direct in grammes per 100 ccm; 

b. Stammer^s Saccharimeter for the evamination of beet-root, reading from to 95* on 
Uentike*s scale, and haoing a maiimum tube-length of 220 mm. 

c. Saccharimeter, simifar to b toith a marimum tube-length of 400 mm. 

d. Saccharimeter for Solutions of hioh percentages. ihis apparatus isadapted for eiamhi- 
ing a Solution of the entire Standard weight m a tube 400 mm long and fumishes direct readings of 
the percentage of cane sugar. the measurement eitends from $0 to tOO per cent. 

I SclrnHAc apHcUn of the Arm. 
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These sactfurimeters can also be supplied loith a limited ränge and dlUd toith a Tlatoto maQniry- 
ing Scale (D.R6.M no.9$,550). the dlsplacement of the toedge ts in this case efTected by the roration 
of a large circle lohidi is diDided into and reads direct h) Vto P^ cent the toedge-stide is fttted toiHi 
a Scale lohidi senies for Controlling the readings of the diotded circle. 

5. Hand Sacdiaritnttfr, adapted for the eiamination of normal Solutions in a tOO mm tube, reading 
direct percentages,«the ränge of the Scale bring from to 100 percent, and (Itted toith magnirying scale. 

6. Sacdiarimetfr m\h Simple lOedge Compensator, reading from o to too<» on uentike*s 

scate. the component parts of the analyiino appararus are enclosed in a dust-proof casino G C^ig. 9) 
and can easilv be remooed after detadiing the outer rina. the Instrument is ntted wlth martens*s 
wedge compensator, and the wedge-slide is mooed bv the milled head T. the scale and oemier are 
read bi| a simple maanifler L, and the two sections of the penumbra are oiewed by the astronomicat 
telescope F. In the ngure the instrument is shoum together with its llluminattng apparatus V (see 




Tig.4. 

Sacdurimcter «Ith double «cdfc compniMtor. 



Tlos. I b and t a1, whidi contains a small incandescent lamp supplied with current by the accumulator A 
through a Key S. the polariier takes generallii the form of £ippich*s instrument (Nt and N^, Tig. l). 
these Instruments are made with tubes of oarious lengths, the greatest lengths being respectioelii 
a. 300 mm, b. 400 mm, c. 600 mm. b and c are more appropriately mounted on Standards, as shoum 
in Fig. 4, than on a column and tripod. 

T. Sacdiarimeter with Martens's Double lOedge CompensaHon. Both scaies are read 

by a microscope M, as shoton in Tig.4 (D.R.6.Rno. 121,933). the working wedge (haoing a ränge 
(Tom to +100** on Uentike^s scale) is displaced by a milled head A, the other milled head actuates 
the Controlling wedge (haoing a ränge from to —100"* on Uentike*s scale). Double wedge compensa- 
tion has the following adoantages ooer Single wedge compensation: t. It is aoailable for the polarixa- 
tion of fluids haoing a considerable laeoo-rotatory power. 3. the dlsplacement of the Controlling 
wedoe is a readier means of correcting the lero poinr of the loorking medge than is afforded bu the 
displacement of the oemier. 9. Ani| oosemer can, without possessing a set of Standard quarti plates, 
oerifii the proper graduatlon of the scale and the optical purity of the working toedge. 
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these sactfurimetcrs are, as a rule, (Itted toith £ippich*s thref-part polariier. the instruniftits are 
made loith mafimum tube-lengths of a. 200 mm, b. 400 mm, c. 600 mm. Inshitments b and c arf 
appropriatetii mounted upon double Standards, as shoton in Tig. 4. 

S. Standard Quarte Platts, mounted in accordance toith the requirements of the Imperial Phi|si- 
cal and tedinical Institute and adaptA for rotatoni oalues of -20, +20, +95, +40, +60, +60, +90, 
+95, +100, +160, +200^ onUentike*s Scale. In all sacdiarimeters made by Schmidt k Haensch a 
Standard ouarti blate gioes a reading of 100"* on Uentike's scale, if at 20"* C. it*rotates the plane 
of polarixation of spectroscopically pure sodium light through 94.6T circular degrees. Cadi plate supplied 
by this Mrm is carefully tested wilh respect to t. the absence of flaws in the quarti, 2. flatness and 
parallelism of the surfaces, 9. coincidence of the optic and geometrical aiis. Ihe ouality and rotatory 
power fin degreesl, and also the thidmess, of the plates mai| also be oeriRed by the Imperial Physical 
and redinical Institute. 

9. Observation lubes are made in lengths of 25, 50, 94.T, tOO, 169.4, 200, 220, 400, 600 mm. 
the end glasses are made either of plate glass or of flnely annealed crouin-glass, and either screwed 
into the rubes or pressed against them by £andolt*s slidina sleeoe. the tubes are made either of 
brass or glass. the following forms may be specialis mentioned.-^a. b9icke*s tube with unilateral 
erpansion for the eitraction of air-bubbles. 6erman patent Ho. 104,646; b. Pellet 's tube for an uninter- 
rupted (low; c. tubes with water circulation and thermometer for the eiamination of Solutions of innertcd 
sugar; d. Controlling tube with variable and measurable length of the Stratum under eiamination. 

to. mtschertich's PotartZing RpparatUS, together with a sodium Ump with lOinter's 
platinum ring and tuio oberseroation tubes 94.T and 169.4 mm long respecttoelu and Jellet-Cornu^s 
polariier. the rotation of the analyiing nicol reads to O.r by a circle dioided into 960^ this apparatus 
IS primarily designed for the eiaminations of urine and is adjusted so as to gioe with a tube 169.4 mm 
long direct readings of the proportion of grape sugar (in grammes per tOO ccm of the fluid). 

tt. Potarizing Rpparatus of an original design. with £ippich*s three-part poUriier with ad- 
justable penumbra angle, the dioided circle reads to t' or 0.0 r. the apparatus is adapted for tubes, 
a. 200 mm, b. 400 mm, c 600 mm long, a is mounted on a tripod and pillar, b generallv and c er- 
clusioely upon double Standards. 




Tig. 5. 

Ctndatr*s paUrtilnt appanhis. 

12. £andott's Potarizing Rpparatus, rig.5, adapted for a great nariety or innesKgations. 
sudi as the influence of temperature of the specific rotation, electromagnetic rotation, Ac 
the rotation of the analyiing Hicol prism reads to 0.0 1^ 
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13. £argf PolarUina RpparahlS on double Standards, the polarixer and analtiier are 
mounted on a large iron oendi supported upon hoo Standards, the space behoeen the latter is entirety 
free and anailable for setting up loire coils, $tc. 

14. Cippich'S Untorrsat Potarizina Rpparatus. Simüar to no.ts, but the Standards carni- 
ing the polamer are mooable on a sole-plate and can be clamped in any position. 

II. Spectrum AppUances. 

the Prismatlc Spectroscopes ntade by this (Irm are compiled in the subjoined table. 

Table of Prismatic Spectroscopes. 



Description 


no. 


Tig. 


Tlature of 

measuring 

deoice 


dUmcter 

or rhc 

objecHoei) 

mm 


Dispersion 

C-F 

(•!• te 

4M flfl) 


Reseloint 
power 


SmitUst 
separaMc 
dlsUncc 
bchsccn 
hoo censc* 
cuHoe lincs 


Podiet spectroscopes 
(uiithout telescope) 


t$a 
t$b 
tsc 


6 

I 


Scale 


6 


5*30' 


550 


1.03 


Small 
Kirchhoff 
and Bunsen 


flint prism 


taa 
tsb 
tac 


$ 


blane-length 
Scale 


15 


rss' 


3,000 


0.19 


{spectroscopes 
iDith 


Rutherford 
prism 


tsd 
tae 


$ 


15 


3«36' 


5,300 


0.11 


Carge 
KirchTioff 
and Bunsen 
spectroscope 

u)ith 


Flint prism 


tla 


— 


Scale atul 

micrometer 

screw 


34 


r56» 


4,$00») 


0.13») 


Rutherford 
prism 


tlb 


^ 


34 


yw 


$,400») 


0.06T») 


Koffmann*s direct 
Vision spectroscope 


t$ 


— 


Micrometer 
screw.or micro- 
meter and Scale 


15 


5^30' 


$,500 


0.066 


Intermediate spectrometer 

loith 2 Rutherford 

prisms 


19 


^ 


Dioided ch^de 
reading to O.r, 
and micro- 
meter screu) 


30 


6«53' 


3 1,000 9) 


0.031») 


Carge 

spectrometer 

wlth 


3 Ruther- 
ford prisms 


20a 


— 


Dioided cirde 

readino 

tof 


43 


10^ ir 


44,000») 


0.013») 


6 Flint-glass 
prisms 


30b 


9 


43 


lf36' 


50,000») 


0.011») 




Tig. 6. 

Simple podtet spectroscope. 



* the focal tength of the ohiectioes are equil to ten timcs their aperture. 

3 1« Order to separate the D-tine the resololnt power should he at least =t,ooo. 

» Xhe rcsotoiBf power U douhUd hy douhlint the passage of the liflht thrott9h the prism hy Rhhe's method of tutocollimatio«. 
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15. rhe Pocket SpectrOSCOpes (no.tsa, b, c in nie preceding table) consist mereti| of a stit. 
aplanatic lens and direcr Dision prism, and are not (Itted loith a telescope. the simplest of these (Ho. tSa) 
s shoton in Tig. 6; Ylo.tSb is Rtted loith a comparison prism and illuminattng mirror, no.t5c tias a 
Scale comparison prism and illuminating mirror. Tig. T shoios the same mounted on a universal stand. 

16. to 20. Ihr Spfctroscopes or the Kirchhorr »ui 

Bunsen pattem are made in hoo siies. Of the smaller 
Instruments Tlo.tSa is (Itted with a fired, Ylo.tSb uiHi 
a mooabte telescope. Tlo.tec, as shown in Tio. $, has a 
telescope (Itted with a ratfi and pinion T, a fired protecting 
cap C, a waoe-lenoth scate 8 and illuminating mirror B. 
In the targer instruments (Dos. Ua and b) rhe telescope 
can be tumed about a long aris either bi| band or b^ a 
micrometer. 





Tig.I. 

Pochet spcctroscopc «tth sctU tnd «mt' 
«crsat stand. 



Tig. $. 
Klrcliliorr tnd Bnnsen's spcctroscopc. 



the Spectroscopes of eiceptionalli) high resotoing power (nos.t9 and 20 a and b) are mo- 

didcations of the spectrometers Hos. 2t b and 2t c (Itted loith specialis arranged prism stages. 

2t. neu) Precision Spectrometers, with (Ived graduated circle; rotating telescope ntted uiHi 
oemiers or microscopes, stage for raising and lowering and made to reooloe by means of 6 prongs. 
either with or without scale. the upper plate of the stage can be adjusted and the slits and nie- 
pieces interdunged at pleasure. 

a)Smaltmodel, loith dioided circle reading to t' by a microscope haoing its e^epieces situatcd 
immediately below the telescope e^epiece. 

b) Intermediate model. 

c) £arge model, Tig. 9. In both modeis (b and c) the readings are taken, mithin O.t' andl' 
respecttoelu, bv reading microscopes MM haoing their e^epieces below the telescope. 

the telescope carrier x is supported bu a roller r runnino upon a circular rail attadud to the tripod, 
so as to prooide for the adaptarion, in rhe place of the tefescopes, of measuring appUances, irrespectioe 
of their weight, e. g. Photographie cameras, Rubens*s concaoe mirror-arm, collimator with luminant, Ac, 
loithout risR of injuring the Instrument, the telescope F and collimator K can be tumed about tioo 
ares aa and Ryed by means of the clamps at cc. tne instruments are equipped loith tuio stages of 
oarious siies. If desired, the spectrometers may be (Itted with automatically mooing prisms. 

22. neu) Unioersal Spectrometer:-^a. Small, b. intermediate, c. large model. these 
instruments difTer from the precision spectrometers of the same sixe onlu in that their central aiis 
rotates togettier with the diolded circle and stage, the rotation being efTected by a pronged whed 
situated below the inshiiment. 
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UT§t spcctromctcr «rith • automiHally VMI1I119 lUiit prtsms. 



Rnn of the cycpicccs and slits made bi| this firm (It into the drato-hibes of all Hieir tetescopes. 

23. £i|tpieces:— ^ 

a) Simple Huvahenian tytpitcts fiWtd toith cross-lines having a focus or40mm. 
Simple Ramsden eyepieces having foci or2$, 19, tt and T mm. Steinheil eyepieces having 
fod of 20, 9 and T mm. 

b) 6auss*s and Abbe-£amont*s ei|epieces loith itluminated cross-lines. 

c) 6lass or screio-micrometer e^epieces. 

d) 6i|epieces for special purposes (lUed toith lOellmann's luminous Une, 6lan*s ad- 
justable slit or loim spectroscope, SoreTs fluorescent plate, improved by Mareens. 

24. Cummfr and Kurlbaum*s Onrar and Surface Bolomrter. 

25. Rubrns's Cinrar rhrrmo-flertric Pilr. 

26. Slits:-^a. 6i|epiece slit loith aHadiable magnifler; b. simple slit Tig. $, loith divided drum» 
comparison prism and illuminaHng mirror for the laHer; c. lOadstoorth's bilateral sUt loith differ- 
ential screio; d. bilateral double slit; e. Abbe*s autocollimation slit. 

2T. Prisms:-^a. Tor teadiing purposes; b. rectangular Tresnel and ?orro reflecting prisms; 
c £ummer and Brodhun*s, Brace's and twin prisms for Photometrie purposes; d. absorbing 
trouahs and bottles; e. SteinheiTs and Hallwachs's differential fluid prism; f. dtspersion prisms 
(equTlateral (lint prisms, Rutherford prisms, $tc.). 



III. IVIeasuring Instruments. 
28. Scalfs:— 

a) lOhite paper scale with electrical appliances. 

b) Martens's lateralli| illuminated glass scale. Tig. 10. 

c) Flilk-glass scale. 

d) Opal-glass scale. 

e) Carge demonstration scale for lecture theatres. 
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29. Reading Nirrors:^ 

a) ?UnO'paraUel mirrors, 

b) Rcflecnng lenses (toith plane and silvcred conva surface). 

30. Reading Telescopes:-' 

a) Small model, mounted so as \o rotate about a vertical and horiiontal avis \o än^ desired evtenl. 

b) Carge model, as shoum in rig.tO together toUh a Uterallii iUuminated scale. 




Fift.tO. 
arge rca4Ui9 tctocopc «rith titrtcts's tatcraUy mumtaatcd salc 

3t. Scale Canterns:^ 

a) lOiHi incandesctnt Ump having a U-shaped fiUment adjusted for HO or SSvolts and O.S amp^re. 

b) lOith incandtscent Ump adjusted for $ voUs and 6 ampä^es, also loith tens for Hirotoing an 
image of the carbon (itament on the scale for demonslraHng Hie monements of a galnanometcr 
mirror in a large lechire theatre. 

32. tornoe*S Refractometer totth Hallioachs*s differenHal prism. Dt and Oi being respecHnehi 
the refractine indices of medium t and soluHon 2 t^ig.tt). the unknoum refracHne indei is found b^ 
the follotoing equation 

n|-n{=s8in^. 

Ihis refractometer has been practicallu emptoyed in tornoe's optical 
hvdrometric method for the anali|sis of beer. 



33. Nartens^sCompensatingRefractometenoithHaiitoachs's 

(ferential prism. lOhite tamp-light or dau-light mau be used for the 



's 

differential prism. lOhite famp-light^or daii-liaht mai| be used for the 
Illumination, the angle a ismeasured by rotattng two Sträubet prisms 
u)ith respect to eadi other. 

34. Don KelmhoUi's Ophthalmometer. 

35. thorner*S TleiO Ophthalmoscope, mounted on an adjust- 
able stand with lamp. this apparatus has ouer other Instruments for 
retinal Observation the aduantage that t. a mudi larger area of the 
retina can be uiewed at one Operation, and 2. the light reflected bi| the 
Cornea is. bn an ingenious arrangement, preuented firom readiing the 
obseruer's eye. 




Tig.U. 

Hallioachs's 4Urcmittol prlsa 
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T. Dr. Steeg & Reuter, Homburg ü. d.R (Bad Homburg). 

OpHcal Instihttf . Cstablished t$55. 

6oUI nedal: Tlaptts t$TO. SUver nedal: Moscoto t$T2. Progress medat: Dienna t$T9. 

Dtplomas: 6rai t$$0 and Frankfort-on-the-FIain t$$t. 6old nedals: Dienna t$$9, Anhoerp t$$S. 

Diploma and 6old nedal: Brüssels t$$$. Diploma and 6old nedal: Chicago t$99. 

(See also SecHonVg.) 

t. nSrrembfrg's PotariSCOpe, ror conoergent ItgM, toith oem large (leid, reuoloing dioided 
stage and goniometer for measuring rhe angles of aves. 

2. tourmaUne Torcepses toith and tolHumt lenses. 

3. n Set of 16 dUrerenHv formed diUled glasses. 

4. PrtparatiotlS of Catc-spar. ?olariiing prisms of oarious Kinds after Tlicol, ToucauU, 
6lan, Thompson, Hartnack, Ahrens, 6laiebrook,?elleU'Cornu, £ippich. Amongst these 
lotll be round a llicol prism haoing an aperhire of 40 mm and a ToucauU prism of 55 mm aperture. 
Dariotts double refracHng prisms. Planes for measurino inshitments. Ihree large rhombo- 
hedrons haoing different faces. A polished piec^ of spar with large mooable spiriMeueU 

5. Quartz PreparaHotls: £arge prisms and lenses of absolutelv pure material, among these 
being a biconoa lens haoing a diameter of 120 mm. Cornu pHsm. triple Tresnel prism. Tor 
mineralogical inoestigarions: A large assorhnent of wedges of difTerent grades. SoleiTs 
double plale, Bertrand's quadruple plate. ?olariscopes. Tor saccharimetri|: SoleiTs wedge 
compensators, and Standard plates. 

6. SelniUf and Nica PreparaHons: Retardalion nims, double pUtes, wedges of different grades, 
6. 0. Tedor oui*s mica wedges, concaoe plales, oarious selenite pichtres, mica combinations after Reusch 
and Tlörremberg. 

T. RccessorifS for Spectrometers: SoUd and holUno prisms or oarious qualiHes and sises.^ 
triple, quadruple and sepfuple Amici or Janssen prisms. Rutherford prisms. I0ernicke*s 
Autd prisms for direct oision and deflected rai|s. 

S. Preparatiotis for &periments on Radiation of Keat. Rodi-sait lenses, prisms and disks 
of pure materiaL 



8. CR. Steinheil Söhne, Wunidi, t ihcresicnhohe. 

Optical and Rstronomical tOorks. Cstablished 1855. 

Proprietor: Dr. Rudolf Ste inheil. 

(See also Sections II, Ve and Vf.) 

I. Spectrotnetcrs. 

1. normal Srating Spectrum Rpparatus (Tig.t). Improoed form (see Zeitschrift für In- 
strumentenk. t$9$, p.2$0). 

this apparahis is adapted both for Hie optical Observation of the spectrum formed bi| a plane Row- 
land granng of the Ist, 2nd or 9rd order with the aid of a reading telescope and for photographing 
the diffraction spectra, in whtdi latter case the telescope is remooed and replaced by a Photographie 
Camera Rtted with a lens, ground screen and dark-sUdes for 6x9 cm plates. 
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The deoUHon of ttie raus is mcisttred by mans of a qtudrant divideii on sitoer hilo infcnials of 
tO' and readiTig b^ a oernter and magnifler \o tO'. Vht obseroed dcoUHon is reduced \o uMuie-lm§ltis 
toUh \h€ aid or a formuta. 

A Scale can be seen or ohotographed togeHier toith Hie spechitm. (Three successioe spectra cam bc 
photographed on eadi ptate.j 




Tig.t. 

2. Simplf Sptctrograph lOith Stand (Fig. 2), primaritii adapted ror tesHng orthodiroiiiaKc 
plates, kc» 

the spectrum is formed bi| a quinhiple direct Vision prism and photographed loiHi ttie aid of a 
Camera, the camera and spectroscope are ctamped \o a simple rotaHng brass column mounted upon 
a tripod. 

the Doidth of Hie s\i\ is shoum bi| a divided drum. A radi and pinion moucment facilitates Hie ad- 
Jushnenh the apparahis is (IHed with a detaduble cylindrical lens and is adapted for tSxUca 
plates. Tiue successiue photographs can be tahen on one pUUe. 

II. Spectrotneler Rccessories (Prisms). 

a. Croion or FUnt 61ass Prisms or 90* with hoo round poiished races. 

b. Croion 6la5S RtflecHng Prisms, 90*, wiHi three poiished surfaces, Hiose inctuding Hie rigU 
angle betng round. 

C. Croion 6lass RefltcHng Prisms, 90*, recUnguUr races wiHi sharp edges. 

d. triple Ruthrrford Prism, being a heami nint prism cemented behoeen hoo croum glass 
prisms. 

e. Small Fluid Prism (Fig. 3), haolng an internal diameter or 20 mm. the openings are closcd, 
wiHiout the aid of anv cementing medium, bi| opticalli| plane and parallel glass disks, sufficient ad- 
hesion being obtained b^ perrect contact. 

III. OpHcal IVIeasuring Instruments. 

telescoprs ror reading scales directly or bi| reflection at a mirror. 

a. Ordinary Reading telfSCOpr (Fig. 4), with double obJecHoe and simple astronomical oft- 
piece AD, on simple stand ritted with Scale carrier and scale. 
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the telcscope can be roUted through 90* on its horiiontal bearings. the verHcal stem Is AHed 
loith a clamp and micrometer adjushnenh the loto pototr eyepiece is provided toith cross loires. 

b. Reading telescopr flHed loith triple obJecHve and micrometer eyepiece AF, so as \o give a 
brUht image, loith neto micrometer stand. 

the telescope can be stoung 60* up and down, the horizontal and vertical movements are actuated 
bi| micrometer moDements. 

the Scale can be attadied to the stand both in a horizontal and vertical position. 





rig.9. 




Tig.2. 



Tig.4. 



IV. OpHcal RuxiUaries for various purposes. 

Hplanatic Nagninfrs, triple cemented, perrectlv adiromatic, v^^^^^^d faultlesslv Sharp Images 
loithout distortion up to the edge. 

&rhibits:— ^Hplanatic magnifier in polished brass mount. Hplanatic magnifier in brass 
or aluminium folding mount, Single and double lenses. Set of aplanatic magnifiers with holder, 
in case. ?lanO'parallel and plane test glasses. 

a€j^aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



9. Viax Wol£, Bonn-on-the-Rhine. 

Scientinc Instrument Nakfr. 
(See also Section III b.) 

Prof. K. Kayser's Rpparatus for IVleasurinQ Spectroarams. ihis apparatus is con- 
structed for the purpose of measuring the distances behoeen the lines visible on the photographs of 
spectra. It is based upon the principle of the dioiding enginei-^R fine screio mooes a slide whidi 
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carrtes ttie plate and therebii places eadi successive litie under the cross-lines of a taterallti numitted 
microscope. In inshitmtnts or this kind, as usualtu conshitcted, U is necessaru eadi Hme ro read the 
posiHon of the micrometer head toith respect to a fbred inda or vemier. thus process of altemate 
adjustment and reading is not onlu oen| fatiguina but conductioe to inaccuraqi. the diief noodh| 
of this instrument consists in the fact that eam amustment, instead of being read on the micrometer 
head, is reoistered by a prinHng recorder. Tor Wtts purpose the micrometer head is prooided loitli 
lines and ngures atendino from t to tOO. Rnother simflar head rides looselv on the same sptndle 
side bu side loith the fiied head and is connected loith the tatter by a tooth gearing in sudi a manner 
as to rraoel one dioision of the scale lohile the fli ed head describes one complete reuolution. A pointer 
is situated beloto and between these tioo disks. lOhite tuming round, these disks run on tioo fett 
rotters saturated toith colour for gioing the required impressions. A tape passes beloto both disks 
tohidt is pressed against the latter bt| rhe depression of a button sittiated on the teft side of the in- 
strument, toherebii an impression of the tines, numbers and the indef is prodttced on the tape. the 
pressure on the button disptaces at the same time the tape automaticaltii rnrottgh a certain distamce. 
white measurino, the obseroer needs therefore not remooe his eyes from the microscope, it being sufflcicnt 
to press the button after eadt obseroation. the readings are subsequenttv fumished by the tape marks. 
the loose disk indicates the entire reoolutions, hundredths are indtcated bu the mot)ement or the (bred 
disk, and tenths dioisions can easilu be estimated from the distattce of tne indef from the adiacent 
dioision tines. the screto has a pitdt of about 0.33 mm. 1t is vcry carefulti| cut so as to eidtide the 
necessitv of prooiding special screto corrections. the distances separating ttoo lines on the spectrum 
can therefore be measured directli| and accurateli| toithin 0.00033 mm.-^the tradi of the slide emtiraces 
about 15 cm. Tor the conoenience of the obseroer the microscope is mounted in a slanting posiHon, 
and the plate-carrier is correspondingli| inclined. lOhile measuring it is often desirable to append to 
the posittoits of the oarious lines notes respecting their intensihi, deftnition, itc; for tohidt pttrpose 
the apparattts is prooided toith four other buttotts so as to imprint t, 2, 3 or 4 points upon tne tape 
nat to the reoistered measurement. By oariouslv combining these four points it will be seen that 
flfteen conoentional notations are aoailable. 

this instrument is the propertu of Mr. Kaustoald, ofMagdeburg-neustadt. 



to. Carl Zeiss, OpUcal Works, Jena. 

(See also Sections ii, Vc^Vd, Ve and Vf.) 

OpHcal Measuring Instruments. 

A separate department has been established since t$92 for the construction of optical measttring 
iitstruments. this department is under the superoision of Dr.C.?uirrich. tlie iitstruments made in 
this section^spectrometers and refractometers, spectroscopes, Goniometers and reading microscopes, inter- 
ferential appliances, telemeters, Ac-^are mainli| desioned ror ttse in physical, dtemical and mtnera- 
logical laboratories and are aoailable for manu sciennftc and tedtnical uses. the majoritv of ttiese 
itistruments are original in conception and destgn and haue emanated from the ftrm's own requirements. 
theu haue been cottstructed successioeli| by tiariotts members of the scientific staff either for Hie im* 
mediale needs of the toorkshops or for subsidiary eiperimental inoestioatiotis. AU of these iitstruments 
haoe therefore been subiected to practical tests, often for years, in the origittal toorkshops, and the 
majoritv of them haoe therefore through continued improoement readted the(r final stage. 

the follotoing Instruments are erhibited: 

Rbbe's Spectrometcry a large model for spectrometric determinations and a smaller instrument 
for teadting and practicing in College laboratories, including auriliani and accessory appliances, prisms, 
hollou) prisms, heating apparatus, &c. 
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TtOO TleiO RffractometerSy both tuised upon Hie method of prismaHc deuiaHon. One, having 
a variable refracMng angle, is parHcularlv adapted for the aaminaHon of hightu refracHna fiuids. 
the other \s a differentiat refractometer, conshitcted for determining the difference or refract- 
ion of hoo Auids. 




Tig.t. 

nbbe's refnctomctrr wirb haHn^ appararus. 



Tig. 2. 

Crystol refractometrr (nno model). 



Darious refractometers based upon the obseroaHon of the critical angle of total 
reflection, e.g.: 

Pulfrich*s Refractometer (new modei). 

Refractometer for CoUegfs. 

nbbe's Rcfractomtter. tioo modeis, one of lohldi is (Itted toith prism adapted for being 
heated CFigt). 

Refractometer for Special tedinical Purposes (butter, milk-rat and Urd refractometers). 

Crystal Refractometer (neio model), eminentlii suited for the aamination of small and defectioe 
surfaces CFig. 2). 

Caboratory Comparison Spectroscope with loaoe-iength scaie (Fig. 3). 

nno Ruid Prism of high dlspersion. 
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Sedtons Vb.Vc. 




Tig. 3. 

Cabontory comparUoii spccrroscopc. 



TlftO Crystal 6onioinftcr loith various improoemotts in 
the colUmator, by lohidi the path of Hie rai|s is rendered com- 
pletetii adJusUble from Hie tuminant \o the eye of Hie obseruer. 
n special feature of this inshitment is i\s adaptabilihi for obserQ- 
ing diffuse refiecHon as a means of aamining snutl and unenen 
surfaces. 

Darious RppUancrs for tonoitudinal raeasurertiftit 

ipadii|meter, hoo forms of comparafors, a spherometer and a 
bcometer). 

Rbbe-Tiieau's Ditatometfr. 

Pulfrich's Tlfto Interferential Rpparahts and srage. 

£. iy[ach*s Quadruple Ptate InterferenKal Refracto- 
mrter. 

InterferenHal Refractoniftfr, conshitcted on :iamin*s prtn- 

dple. 
Tino Stereoscopic telemetfr. 

DescripHons of Hiese various inshitments and price-lists may 
be had free on applicaHon. the majorihi of these haue been 
published in Trenm, English and 6ennan. 



C. Microscopes and Iheir Ru^Uaries. 

t. ßustau Halle, RUdorf near Berlin, 53 Hcrmannstr. 

Maker of Scientinc and tedinical Instruments of Precision. 

(See aiso SecHons Vb, Vg and X.) 

t. Kand-microscope for demonstrating the anatomy and physiology or pUnts, made almost 
enHrelu of aluminium and weighing only 310 g, focussing by radi and pinion, pronided wiHi hoo 
sUge diaphragms. 

2. Cntomological Stand-microscope, with adjusUbte hibe-tengHi and radi and pinion adjust- 
ment for working-distances of 30 mm \o 90 mm; adapted for opaque objecto; nery light and adapted 
for use as a hand-microscope. Stage with Cardanian Joint and hoo obJecHoes. 

Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot 0€ ot 

2. £. Hartnack, Potsdam, 99 loaisenstr. 

Optical tOorks. 
this nrm was formerlv established in Paris. 

t. the IVlicroscopes erhibited are in generat design and construcHon of the form originated b^ 
this ftrm some 50 yeäts ago, but the mooements, especialli| the coarse and fine adjustmenis. 
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haoe been so considerabln improoed as \o loork 
ttiUh an ertraordinarii degree of smoothness, 
uniform Un and precision. Bi| improved methods 
of divided labour rhe sUnds are noto produced ä\ a 
constdcrablii dtmmtshed cosh 

Particutar menHon mai| be made of Iht cyMndtr 
irts-diaphragm and the stoina-out condenser, 
tohidi are both adapUble \o \he mtermediate as toell 
as to Hie larae Stands and greaHii facilitate dianges in 
Ihe modes or illumination. 

Of \h€ Stands, Series V is intended for the finest 
toork. the Stands of Series IV are nearlv ^uioalent 
to tliese and adapted for clinicat toork and medical 
researdi (Stand IVB is shoion in the annefed illush^a- 
tion). Stands III and II are designed for laboratoru 
toork. 

the tridiinoscope has an unusuattti toide stage. 

2. Ihr Binocular Nicroscope sufflces for mag- 
niflcations not erceeding fortv diameters. the inshit- 
ment has an adjustable inter-pupillary dtstance and 
yields orthomorphic and stereoscopicallti cor- 
rect images. 

3. Kis's Cmbryograph seroes for dratoing 
secHons not erceeding 32 mm in diameter. the later 
form of thts inshitment is considerably more rigid 
than the otder model. 

4. thf ObjecHües haoe been considerablti im- 
proDed toith the aid of Jena glasses, and their toork- 
mg distances haoe been increased. the front 
tenses are no more cemented but consist of solid 
tenses. the objectioes are consequently mudi less 
liabte to be injured. 

5. Darious Wicroscope Rccessories, sudi as 

achromatic magnifiers toith perfectly flat field, 
magnifying up to 25 diameters, in oariotis mounts, 
a neio lens toith handle and protectors. pBtj 
tuming the handle 90'' the protectors are mooed aside 
and the lens is ready for use.) 



ttt 
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3. Otto Himmler, Berlin S. 42, 9 Brandcnburgstr. 

OpKcal and Vlrdianical tOorks. 

Specialihi: Wicroscope ObjfcHues. 

establishfd tSTT. 

A. Nicroscopes for scientific and tedmical purposes (for bacteriologv. Äc). 

B. Wicroscope ObjecHues and eijepieces. Semi-apochromatic objectioes, compen- 
satmg eyepieces, projection lenses. »'inp^n 

t. neto demonstrating microscope. as suggested bt| Dr. R. Kolktoiti. 

2. traoelling microscope. 

3. Microscope for toatdiing the grototh of pUnts. 
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4. nedunicat object-stages. 

y ?hoto-micro9raphic and projectioti apparahts. 

6. ?olariitii9 appliatices. 

T. Dissecting microscopcs and dissccHng Unscs« 

$. Microscopc acccssories. 

note. thf abone instntmcnts are M\y describtd in Catalogue llo.tt (t$99, 6cmiaii, 
Cnglish), lohidi nuv be had free on applicaHon. 



otototototototototototototototototototototototototototototocfx 



4. R. Jung, Heidelberg, \2 £andhausstr. 

(See also SecHon VII.) 

t. nicrotonif. N. H. I. neio Heidelberg model for large brain-secHons not eiceeding 210 bub in dia- 
meter. Dertical movement tOOmm. Titted toitti trougli for cuIHng under alcotiol. the parts seroiaa 
for tlie orientation of tiie objects and ottier mooable parts of tlie object-holder do not come in contad 
loith the alcoliol. tlie knife blodi ts moved medunicallv loith the aid of a crank-toheel. the knife is 
simplv and securetu clamped in its best position. The object is roughlu adiusted \jy means of a crank. 
the microtome is fitted loith simple and conoenient means for adjusting the thidiness of the sections. 




Fig.l. 



2. IVlicrotome. N. H. Ill, fitted toith glass slides, in other respects similar to the precedtng 
bitt prooided loith automatic adoance of the object, it is capable of cuttino objects not eiceeding 10 m 
in diameter. the oertical movement of the object amounts to 96 mm. (fig.t, in tohidi the trough is 
not shown for the sake of cleamess.) 
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3. Nicrotome. N.H.IVa, tolthout trough, (Itted loiHi glass slidts and neio orientating object- 
clamps and frceiing apparahts. 

4. thoma's Nicrotome. modd I loith simple equipment tFi9.2). 




FI9.J. 

5. Mtcrotonif IV» equipped loith items 32, 42, 5$ of the firm*s catatogue and flHed loith neio re- 
uolDing knife-holder for himing the knife about its edge. Bi| means of this holder, the culHng angle 




Tig. 3. 

man 1^ altered loithout raising or loioering Ihe edoe of knives of a certain widlh. lOider or narrower 
kntoes suffer a certain vertical displacement, whim can hotoener be corrected b^ means of small set 
scretos (Fig. 3). 

Medunilcf tii4 OpHcs. $ 
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Fig. y 



7i9.4. 

6. RutomatiC nicrotome ror paramn secHons, roAiBg 
microtome t^i9.4). 

T. RutomatiC nicrotome ror paramn secHons, vf» 
model. 

$. Small Nicrotome, so-called shidcnT's microtome, for 
rroien and paraTRn srctions (Fig. S). 

9. Small Nicrotome, toith automaHc adjushnenr. 

tO. Immersion RpparahtS ror scrics secHons. 

tt. R Set Of Brain SecHons, prtparcd by mioühnncs 
N.H.I and II (not ror sale). 



5. 6. £eit£, Wetzlar. 

OpHcal tOorks. 
(See also SecHonVd.) 

Microscopes. 

t. stand I, Fig.!, indinable, wi\h cUmping leuer and circular reuoloing stage. The coarse adjitst- 
ment is effected b^ a radi and pinion mouement, the flne adjushnent bn a micrometer screw «iHi 
dioided head. Draw-hibe dioided in miUimetres. £arge illuminaHng apparahis toith qiUnder ins- 
diaphragm and hinged condenser, ror rapidlv and conuenienHii interdunging the condenser and q^linder- 
diaphragm. Reooluing nose-piece ror rhe obJecHoes. the microscope is equipped toith apodiromahc 
dry lenses 16 mm, $mm and 4 mm and an apodiromatic 2 mm oil-immersion lens, together otlh 
ftoe compensating eyepieces. FUgnifIcations 62 ro 2,250. 

the Caroe Nicroscopes comprising stand la, tohidi is smaller ttian, but in other respects simiUr 
to Stand 1; Stand la toith the English rorm or root; Stand Ib toith Ried Square stage. these mioo- 
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scopes are eauipped toith the adironuHc obJecHvts 9, 6 and oü-immtrsion Vit' ^nd Kuiighenian 
eyfpieces I to V. FUgntRcaHons 60 to ttOO. 

3. The Nfdium Siied NicrOSCOpes comprise stand IIa (Fig. 2) and Stand IIb. These hoo 
Stands differ loitti respect to the form of their feet, the former haning a horse-shoe foot, the tatter a 
claio-foot. the coarse and fine adjustments are similar to those of the large Stands, the draio-tube 
is dinided into mUHmetres. the illuminating apparatus is of the simpUfted Babuchin tupe and is 
fitted lotth lateral loorm-screui for raising and lotoering. the condenser can easilu be amanged tot 
the cvUnder-diaphraom. Iriple nose-piece ror quiditi| dianoing the objectines. Objecttnes 3, 6 and %' 
otl-immersion, and Hui|ghenian eyepieces I to V. FUgniftcations 60 to ttOO. 




Fig.t. 

Srand I. 




Xhe Small Nicroscoprs in, IV and V are prontded loith coarse sUding tube and micrometric flne 
adjitstment. their opticat equipment consists of the adiromatic objectiues 9 and T and the Kuiighenian 
eyepieces I and III. Flagntncations 60 to 500. 

Stand VI, being solidlv constructed, is a useful aturiliary Instrument for taboratoni and conimercial 
purposes. 

3. Tlf bflthau's SUding Microscopr Is adapted ror seardilng sections attaining dimensions 
of 16x20 cm, brain sections in particular, also piate and dish cultures with low and medium powers. 

4. DSlken'S Nicroscopr toith targe object-stage, adapted for the eramination of large pre- 
parations toith the aid of the condenser in conjunction with the highest powers. 

5. Cargr Nicroscopr equlpped ror miner aloglcal work. the outfit includes a potariier and 
analuier, renoloino graduated stage, diuided eyepiece and oemiers, eyepieces with cross-lines, quadruple 
quarti-plate, calcife, selenite and quarti-plates, &c. 

6. traDelling, Rrading and Dissrcting Microscopes. 

T. RpparahtS for BlOOd-^amination, consisting or a mlcro-spectroscope, Ihoma*s haemacyto- 
meter, blood alkalimeter and 6hrlich*s eyepiece. 

S. Darious neasuring and Drawing Appliances and other microscopic accessories, including Nicro- 

totnes. 
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tUcroromc 

thcse microtomes are all fiWtd toUh means for verticaUi| raising the object; the amount of the 
eleuaHon, i. e^ the thidiness of the section, is shoton by a micrometer-screui. The clamps holdmg the 
object are either Ried or movabte. The ball-Jointed clamp admits of the object being inctined hi anij 
direction. Ihe destred posttton is fUred by a screio. 

The naptes clamp serues to adjust the object in tioo directions, one of these adjustments being 
effected by a radi and pinion movement, the other bi| a loorm-screui. the microtomes differ hi the 
manner in lohidi the kntfe-blodis are made to travel. Ihis is effected either by hand or bu means of 
a crank and screio motion, or bi| a crank-ioheel and duin movement. Tio. 3. Ihe objecr is ratsed 
automaticallu in these microtomes by means of a toothed loheel attadied to the micrometer-screto, lohidi 
is actuated by a ratdiet leoer toorked by the retum movement of the knife-blodi. Ihe lever is adjustablc 
so as to Vary the number of teeth engaged by the ratdiet from t to 10. A movement of the diskbij 
one tooth causes the object to rise 0.0025 mm. A Ihoma or Heidelberg knife can be Ried immediately 
upon the knife-blodi by means of a loing-nut. the tradis of these microtomes are respectivelv 42, 52 
and tocm long. 

In the case of the small Hand and lOell Microtomes the knife or raior is toorked by hand. 

6. ßustaü Miehe, Hildesheim (Proü. of Hanoüer). 

Scientific Instrument Maker. 

t. Nicrotome no.O, loith clamp and paraffin stage. 

2. Nicrotome no. t, loith clamp and paraffin stage. 

3. Nicrotome no. 5, as shoum in the Illustration, loith clamp and parafRn stage. 

4. Nicrotome no. 5, as shoum in the Illustration, with clamp and paraffin stage. 
Microtomes nos. t, 5 and 5 are fttted with reversible object-holders, whidi can be rotated on three 

ares and therebii placed in any desired position. 

5. Nicrotome no. t, mounted on a nidieled sole-plate and fttted with a variable ratdiet and pau)l 
adjustment so as to obviate the necessity of reading divisions white cutting. Sections can be cut 
vaniing from 0.0025 to 0.2 mm. 

6. 6uddcn's Nicrotome no.5. 
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T. Kniff ror ditto, in case. 

S. Knife in case, t2 cm long. 

9. KnifC in case, 20 cm long. 

tO. Dr. Hf nking^s Knife, in case. 

tt. Trrtzing RpparahtS for microtome no.S, loith niter to olroiate the inconoeniences arising 
firom s^oppage. 

12. Dr. Behrens's Droppina RpparahtS ror irrigahng the knife tohtle cutHng. the suppig 
of fluid is regutated b^ a smail com. the apparahts is simple and conoenient and can be adapted 
\o attn microtome. 

13. Prof. Bornas StcHon Stretdier. Ihis deuice is simpler and more conoenient to use than 
all otticr similar appliances. 

14. Dr. £uiuki's Block Trimmer, a omi conoenient apparatus for accurately scpuring and 
readütf adjnsting the objects. 

15. Compressor ror meat inspection. 



T. W. & H. Seibert, Wetzlar (Rhine Proüince). 

Nicroscopes and Nicroscope Rccessories. 

1. Stand 2. Carge Microscope fitted loith nbbe iUuminating apparatus, iris-diaphragm and 
ylindcr iris^iaphragm, reooloing nose-piece for three objectioes, apochromatic objectioes 16, 4, 
ml 2 min homogeneous immerston, compensating eyepieces 2, 4, 6, Sand t$, magnifying 2t to 
250 diameters. 
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SUnd 1 (abottt I/4 hiU sUc). 
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2. Stand 3. Carge Microscope med toith Abbe niu 

mituHna apparahis and iris-dUphragm, triple nose-piecf, ob- 
Jectiues 11 and V» homogeneous immersion Vi/, n^epiecfs t 
and 9, magnifying Tt to U60 diameters. 

3. Stand 4. Carge Microscope med totth Rbbe 

condcnser» triple nose-piece, obJecHoes 11 and V, homogeneous 
immersion %\ n^epieces t and 9, magnifying Tt \o \m 
diameters. 

4. Stand SA toith rcoolotng stage and simpliRed illu- 
minaHng apparahts fitted toith iris-diaphragm, toith hipU 
nose-piece, objecHoes 11 and V, homogeneous immersion Vt,', 
eyepieces t and 9, magnifying Tt to U60 diameters. 

5. Stand SB fitted toith simplifled UluminaHng appa- 
ratus and iris-diaphragm, tripte nose-piece, objectioes 11 and 
V, homogeneous immersion Vi/* eyepteces t and 3, magnifu* 
ingTltotieo dUmeters. ' ' "^ ^ 

6. Stand 6 A, uiith double nose-piece, objectioes II and 
V, eyepieces t and 3, magnifying Tt to 6t0 diameters. 

T. Stand 6 B, uiith obJecHties 11 and V, eyepieces t and 3. 

8. Carge PolarUing Microscope, fitted with poiariier. 

double condenser, two analyiers, Bertrand lens, Ac, eae- 
pieces 0, t, 3 with cross-lines, 9 with micrometer, objectm 
clamp, objectioes Oa, 11, IV, V, and homogeneous immersion Vit'- 

Detailed iUush'ated price-list free on appUcation. 



$. Paul Waeditcr, Bcrlin-Priedenau. 

Optical and Medianical Uorks. 
establishcd t8T2. 
(See abo Section Ve.) 

t. Microscopc la« nose-piece for four objectities, eyepteces t to 5, objectities 9, 5, T and % oi^' 
immersion, Abbe illuminating apparatus, kc. 

2. Microscopc la, nose-piece for three objectioes, three eyepteces, objectioes 9, T and Vit ^^^' 
immersion, Abbe illuminating apparatus, kc, 

3. Microscope I, nose-piece for three objectioes, three eyepteces, objectioes 9, T and Vu oil-immersion, 
Abbe illuminating apparatus, kc, 

4. Microscopc I with reooloing stage and polariiing apparatus, one eyepiece, objectioe 5. 

5. Microscope 11, nose-piece for three objectioes, three eyepieces, objectioes 9, T and Vti oxUxBi' 
mersion, Abbe Uluminating apparatus, kc. 

6. Mtcroscopc II9 nose-piece for two objectioes, two eyepieces, objectioes 9 and S, Abbe illu- 
mtnatiitg apparatus, kc. 

T. Microscopc III uiith Abbe illuminating apparatus, tuio eyepieces, objectioes 9, T and 9. 

8. Microscopc III a toithout illuminating apparatus, tuio eyepieces, objectioes 9 and T. 

9. Mtcroscope IVa, nose-piece for three objectioes, three eyepieces, objectioes 9, T and Vtt ott-im- 
mersion, Abbe uluminating apparatus, kc. 
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tO. Microscope IVa, hoo niepieces, objecHoes 9 and. 7. 
tt. nicroscopc V, one qicpiece, objecHof 5 (t+3+9). 

12. nicrOSCOpeVa (trUiinoscope). 

13. niaoscope VI, one qicpiece, objecHoe 5 (t+2-i-9). 
U. nicroscopc X, one eyepiece, objecHoe 4 (t-4-2). 

15. Microscopc XIII (mdiinoscope). 

16. Microscopc Vb» to fold up, for countni meat inspectors. 

Dariovs snuU sdiool, demonstration and dissecHng microscopes, magnifiers and accessory appUances. 

otmmetetetotetotetetetetetetetototetetotototetetetetetetetetetetetetotetotetetet 



9. Carl Zeiss, Optical Works, Jena. 

(See abo SecHons II, Vb, Vd, Ve and Vf.) 

microscopes and IVlicroscope Rccessories. 

the old empirical System of constnicting microscope objecHoes has been discarded bv this Rrm 
since thirh| uears, and Hiencefonoard manufachire has been preceded bv the complete computation of 
the tohole or the data required for optical construction. the establishment of neto test methods ne- 
cessitated bv this System led in its earliest stages to the construction of an illuminating apparatus. 





Tig-t. 

Stand la wUh Urge medunicit stage. 



Fig. 2. 

Stand toT proJecHon and photo-micrography, 
»Irh Berger's body-frinc 
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tohidi, in conJuticNon toiHi suttable stops, sufftced to produce all the phases of direct and oblique 
illumination. this apparatus has subsequenHy come into mudi more general use as a miaoscopc 
adjunct and has been iinoion as **Rbbf 's iUuminating apparahts.*' 

6i)er stncf the hrue connection behoeen the aperture and resoluing power of an objectioe became 
elucidated by Rbbe*s theoru of the microscope, it has been the prominent aim of opticians, seehing 
to improve microscope objectioes, to increase their numerical aperrure. these eflTorts haoe led to the 
construction of homogeneous Immersion lenses, tohidi originated in the Zeiss toorhs and toas sub- 
sequently foUoioed by a mono-bromide of naphthaline immersion lens yielding a numerical aperture 
of 1.6. 

In addition, the optical resources of the microscope uiere considerabli| increased bv the introduction 
of numerous neu) hinds of glasses, whidi, bu suitable selection, fiimished the means of neutraliiing 
the secondani spectrum ana the diromatic difTerence of spherical aberration. the practical result of 
these eflTorts, wnidi originallii proceeded from purely theoretical considerations, was tiie introduction of 
the apodiromatic objectroes and a considerable improvement, with the aid of the neu) glasses, of the 
adiromatic objectives. these improvements eitended abo to the euepieces, inasmudi as tt had becomf 
possible to compensate bu suitabli| computed eyepieces the diromatic diflTerence of maanificatioii, whidi 
constituted a residual derect in all hign power objectiues, including the apodiromatic lenses. these 
eyepieces were called compensating eyepieces. 

Rnother series, the projection ei^epieces, was constructed for the purpose of improuing the real 
images jprojected on the screen bu the objective and e^epiece. 

the firm contributed also to tne deuelopment of the oinocular microscope and introduced, in 
the shape of 6reenough's microscope, an Instrument whidi is capable of yielding true and pracHc- 
ally usefiil stereoscopic uision. 

Concurrently with the optical improuements the firm steadilu deueloped the medunical details and 
workmanship of the microscope Stands, with the principal objecr of perrecting the precision of the ad- 
justments. Kecently a stand nas been designed having its upper body constructed on a new prindple. 

A. ObiecHocs. Complete series of the Hpodiromatic Objectiues and Compensating Cuepieces. Com- 
ilete series of the Rdiromatic Objectioes and Hui|ghenian Cyepieces. Rwriliary applumces for lest- 
Ing miaoscope objectioes. Ylew aplanatic projection lenses of 35 and 70 mm focus. Plankton seardier. 

B. Stands. (Ttgs.t and 3.) Complete series of miaoscope Stands for general use. Tlew: Stand 
for Projection and Photo-micrography, fltted with M Berger s body-firame. Stand for Brain-sections 
haoing a stage of 35x25 cm. Mineralogical Stand. 



p' 
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Tig.3. 

Abbc's drawing apparahts. 
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C. RufUian) MicroSCOpe Rppliances. niumiiuHng applUnces for white and cotoured light 
Spcchrutn c^epieces. Fleasunng and counKna appliances for microscopical objects (e. 9. blood-corpuscte 
counHng diamber). Draioing cameras (Tig. 3j. ittrtoscopk t^tpitct, 

D. DisSfcHng Miaoscopes and £enses. Meto: ereenough^s Stmoscopic Dissecting mt- 
croscopc t^ig.4). the same, ntted toith Braus-Drüner*s universal stand, the same equipped as a 
comeal and shin microscope (dermatoscope). Rwriliary appliances for eiamining microscopical objects 
from all sides (6reenough*s Prismatic and Capiliary Rotators). 




Tig. 4. 

Sreenovgh's bittocuUr microscope. 

Detailed description in Catalogue llo. 3 t (tS9S) of flicroscopes and flicroscope Rccessories, tohidi may 
be had free on application in nendi, 6ennan or 6nglish. 



d. PhotO'tnicrography and Projection. 

t. R. Puess, Ute J. 6. ßreincr jr. & ßeisslcr, 

Steglitz near Berlin, 7/$ Düntherstr. 
Medianical and Optical Uorks. 

(See abo SecHons Illa, IV, Vb and Vg.) 

t. PrqlecHon Hpparatus for dfCtriC Ught toith tHple condenser of 125 mm dUmeter. (C Ceiss, 
Die optisAen Instrumente, Ac, p.996.) Tig.!. 
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2. Prqjection Rpparahis for phtjsical and crystallopHc demonstrations. (c. £eiss, ibid. 

p.336.) Fi9s.2and3. 




Ti9.5. 
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2. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Rdotphsbrüdie. 
Established tT96. 

OpHcal Institute: Spectrum Hpparatus, Prisms, Photometers« Projection Rpparatus, 

Sciopticons, Cantem SUdes. 
(See also SfcHotis Va, Vb and Vlll.) 

t. Projection Hpparatus toorked by electric light, adaptfd for lanttm sUdfs, microscopic objects. 
spectrum erperiments, kc. rig.t. 

2. Caroe Projection-lamp totth tUuminaHng lenses for pichires not eiceedlng t50 mm in dU- 
mfter, loim cooling trough and adiromatic obJecHoe for lime-light or dfctric light Tig. 2. 
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Tig-t. 



T19.J. 



Tlg.J. 
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3. Sciopticon, mounted on optical bendi, for demonstraHng physical and diemical eiperiments and 
for shoioing Untern slides. Titted loith triple burner petroleum lamp. Fig. 3. 




Fig. 4. 

4. CimC'liaht Bunter of original construcHon, absolutely reliabte fPrometheus 7. U2. tS96)» for 
sciopticons. Fig. 4. 



3. 6. £eit£, Wetzlar. 

OpKcal Uorks. 
(See also SecHonVc.) 

I. PhotO'tnacrographic and Photo-micrographic Rpptiances. 

the eihibits comprise hoo forms of Photographie apparatus:^ 
t. Cdinger's Rpparatus for loio magnifications. 
2. R Photo-micrographic Rpparatus for high magnifications. 

t. Cdinger's Rpparatus Is adapted for photographlng objects measuring S to 95 mm in dia- 
meter at magnifications of 9 to 30 diameters. Special Photographie lenses of 34, 42 and 64 mm fbcus 
haoe been conshructed for this purpose. Ihe 24 mm lens has a covering power of t9xts cm, the 42 mm 
lens cooers tSx24 cm and the 64 mm lens 24x30 cm. these plates are uniformlii and sharply cooered 
up to the edge. 

2. the Photo-micrographic Hpparatus Is used in conjunctlon uilth the mlcroscope. the con- 
struction of the apparatus, uihidi is used in a vertical position, is shouin in Fig.t. lOhereas uiith a 
horiiontal mlcroscope it is customary not to use eyepieces, this apparatus is mtended for use loith 
anv of the ei^epieces, so as to yield maanifications up to 1200 diameters. 1t is adapted for 9x12 cm 
and UxtScm plates. Ihe adiromatic oojectines are sufllcient in eoery respect, although some mi« 
croscopists gioe preference to apodiromatic lenses. 

these appliances are more fiillii described in a pamphlet entitled:^'*Die mikrophotographischen 
Rpparate der optischen lOerkstätte von €. Ceiti. Rnleitung xum 6ebraudi dieser Rpparate mit 
einer photographisdien tedinik.** 
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Fi9.l. 



IL ProjecHon Rpptiances. 

Carge ProjecHon RpparahlS. this apparahisisadapted: a. for proJfcHng lantem sUdfs on the 
scrffti; b. for the projectton of microscopical prqiarations; c. for endoscopic projecHoti, and d. for 
phipsical dftiumstranons. 
Ihf specification includfs for all thfsf purposes:^ 

t. a Schuckert projection-lamp of \2 \o 20 ämptrts; 
2. a triplf condenser of 160 mm aperhtre; 
9. a large cooling trough. 
Tor projection on the scre en, the apparahts is supplied loith an addiHonal frame for lantem 
sltdes and a projection-lens of 300 mm focus. R small condenser fltted toith diaphragms, an object-stage 
and objectine-carrier lotth lenses complete the equipment for microsc od ic projection. The optica! 
qualihi and light-oathering power of the condensers render the lohole of the microscope objectines, in- 
cludtng the Vti oii-immersion lenses, available for the purposes of projection. Rt martmum magniRca- 



a fairly large audience. 6ndoscopic projection necessitates a special modiRcation of the illuminatina 
cone, so as to obtain sufRciently brignt Images of solid objects, internal organs, Ac. bu incident light. 
Tor Hiis mode of illumination, it is necessary to employ an endoscopic Ught-modiner and a pro- 
jection-lens of 500 mm focus. 
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Fi9.2. 

R detailfd description of thfsf appUancfs and information on thf application of thc apparahis for 
jisical demonsh'attons will be found in a pamphlet niHHfd:^**Der grosse Projektionsapparat 
n seinen verschiedenen Derioendungen. 



aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

4. Tr. Sdimidt & Haensdi, Berlin S., 4 staiisdireiberstr. 

Optical Uorks. 
(See also Sections Va, Vb and Vtll.) 

Ihe foUoioing are the most important applications of proJecHon appUances:^ 

t. Projection of Untern slides, tohidi are placed in the slide carrier (D, Tig.S). 

2. Projection of small objects, sudi as a gold-leaf electroscope, tohidi can be placed near Hie 
plane of the Untern slides after remooing the belloios (B, Tig. 3). 

3. Ihe Illumination of optical Instruments, e.g. of a Jamin interferential refractometcr, 
for the purpose of demonstration on the screen. 

4. Combination of the projection apparatus with an optical bench fltted with oartous 
optical appliances, sudi as the simple microscope, polariiing appliances, spectroscopes, Ac. 

5. Projection of horiiontal objects, e.g. a glass plate with iron filings in the magnetic fleld 
of force, as shouin in Tig. t. 

6. Projection of opaque objects by incident light, e.g. small illustrations in teit-books. 
T. Micro-projection. 

S. Photo-micrography. 

9. Photographic enlargements of negatives. 
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the erhibits include:^ 

t. Special Rpplianccs for the ProjecHon 
of Canrern SlUies:— 

rravelling Apparatus: 



a) Utth Ume-liQht lamp. 

b) With 



small flfch'ic arc lamp, the projecHon 
hcad bcing designed so as to fold up after 
the manner of a Photographie camera. 
Rpparatus for £ecture theatres: 

c) Camera of original construction toith Hefner- 
Rltenech arc-lamp (Tio. 2). the camera is 
lined loith asbestos, is tmpenetrable to light, 
coated toith dulled nidiel and presents an un- 
usuallii elegant appearance. 

d)Schttckert camera loith projection head simi- 
lar to c. Tig. 3. 

2. ProjecHon Hpparatus for Colleges, 
adapted for the purposes speciRed under t, 2, 3 
and 4. 

a) Uith lime-light Ump. 

b) Uith small electric arc-lamp. 




Tig. l. 

HorisonUl projecHon. 



^^ 




Fig. 2. 

ProjecHon apparatus hr lechire theatres. 



Digitized by 



Google 



t2$ 



SecHonVd. 



3. Untoersal ProjecHon Rpparahis. 

Apparatus toith projection-lens t^ig. 9) in sUding tube, atuiilable for Hie modes of 
appUcarion specififd under t \o S. 

a) Schuckert camera, set Tig. 3. 

b) Camera of original construction. 




Fig. 5. 

Schvckert camera witk tois in s lidlng hibc. 

Apparatus toith projection-lens mountfd on rotating guidf rod, as shoion in T\%.l 
Uknoisf aoailabte for the purposes specifled under t to S and adapted for rapid dunges of the mode 
of applicaHon:^ 

c) Schuckert camera. this camera is largelu used in phusical lecture theatres, mountfd is 
shown in Tig. 4 on a long board fitted witn a sunk raif. 

d) Camera o f original des ign, matted and nidiel-plated and more elegant in appearance ttum c 




Tig. 4. 

Unlocrsat projection apparatus on soU'ptate with onbedded ralL 
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4. Special Instruments for Projcction on thc Scrcen, aoaiUbie for the uiuminaHon of opHcai 
inshitments, cg. gold-leaf electroscope, Jamiti's interffrential rehractotneter loith hoo alass troughs» 
one of tohidi can be coacuatfd, netoton^s lens on plane glass, direct-vision prisms and other appliances, 
togethcr toith thc necessani Stands. 

5. Optical Bendics for Dtmonstrating Pht^sical &rperiments:-^ 

a) Solf-plate toith embedded rail (sff rig.4). 

b) Small optical bench. 

c) Carge optical bench, stt müllfr-Pouillft*s £fhrbuch der Physik, 9th edit, 
Brunsioidi, publ. bv Tr. Diftof g k Sohn, tS9$. 

thfsf optical bmdies are fittfd toith sif sliding riders. 

d) Demonstrating appliances for optical benches, ntadf to fit thf riders of any of 
the latter, e. g. parts of a simple microscope, or polari2ing apparattts toith quarti toedge com- 
pensator, spectroscope, Ac. 

6. Optical Bendl toith large Microscope. Ihe microscope Stands on a sUde tohidt can be 
mooed longitudinallii and transoersely so as to facilitate the rapid transition from the projection of 







Tig. 5. 

Rpparahis or rnUrging in the dark-room. 

Untern slides to microscope projection. These microscopes are, as a rule, equipped toith objectities 
made by Carl Zeiss, of Jena. Rn apparattts of this kind is set up in Cangenbeck Hotise in Berlin 
and is otoned bt| the Berlin Medical bociety and tised at their meetings. 

T. Special Rpparatus for Photographic Enlargtments. 

a) Rpparatus for enlargements in dark-rooms. Fig. 5. the parts included bettoeen 
the luminants and the objectioe are encased to prevent dimision of Itght. The maonification 
can be oaried toithin toide limits (from t to 30) by shifting the screen, the objectToe or the 
luminant toith respect to the condenser and the Untern sUde. 

b) Rpparatus for enlarging in lighted rooms. RH parts contained between the lumin- 
ant and the screen are guarded from eitraneous light. 

These enlarging cameras can be used with any form of luminant:^!. Petroleum lamp; 2. lOels- 
bach Ump; 3. itrconium bunter; 4. lime-Ught bunter; 5. electric arc-Ump. Camps 3 to 5 necessitate 
the use of sheet metal cameras. 

McdUAics tnd Optlcs. 
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5. Carl Eeiss, Optical Works, Jena. 

(See abo SecHons 11, Vb, Vc, Ve and Vf.) 

Rpptiances for ProjecHon and Photo-micrographti. 

Ihe firm of Carl Zfiss has, duritio the last fineen uears, bfstoiofd unremitHng aUenHon upon 
thf conshitction of appUancfs for photo-mtcroaraphii and projection. flanufachire was originallii confined 
to photo-micrographic applUnces, tohidi bv sught modificaHons loere rendered available for the projection 
of microscopic objects. 

the increasino demand for simple applUnces for the projection of large transparent objects, lantem- 
slides, ftc., for the purposes of class demonstration led to the combination of the tioo forms of the 
apparatus into one so as to render it immediately auailable formacro-projection on the screni 
arter remooing the microscope. 

this apparatus toas made in oarious forms and siies, and toas primarilu intended for illumination 
by transmitted light only. Subsequently there arose a groioing demand for an efRcient projection 
apparatus for opaque objects by incident light, whidi in recent years has been satisfied by tne use 
of refiectors instead of the usual electric lamp. Opaoue objects, of as mudi as 33 cm diameter, can 
now be projected upon screens seoeral metres awau wtthout inconnenient loss of light. Recentlii the 
abone apparatus has been rendered truly universal, f. e., it is adapted for the projection and photography 
of microscopic objects and for the projection by incident or transmitted light of large objects, 
by the appllcation of episcoptc illumination. 

t. Photo-micrographic RpparahlS» anailable both for micro- and macro-projection and for ept- 
scopic projection. 

2. nacrO'projecHon HpparatUS for transmitted light, Urgest sise, anaiUbU for plates tSxtScm. 

3. Cpidiascopt with arrangement for micro-projection. 

4. Martcns's Microscope for photographing and projecthig metallic spedmens, kc. 
Descriptions and price-lists in 6erman, Frendi and Cnglish may be had free on appllcation. 



e. Photographic Objedioes. 

t. C. P. 6oer£, Priedenau near Berlin. 

OpHcal Uorks. 

Brandics in JXtw Kork, Paris, Condon. (Paris: 22 ruc de rCntrepöt) 

Mäher of Photographic Rpparatus. 

Specialitii: Photographic ObjecKocs. 

(See also SectionVf.) 

t. H Serics of 6oer2*s Double RnasKomats (nos.t to 2S). Tig.t and 2. Oerman patent 

no. 74,431. these lenses gained the Prussian Stafe 6old Nedal, tS96. 

a) Series 111, T: 7.7 (tlos.t to 15). Rapid Universal Objectine for portraits, groups, instantaneous 
photographs of eitreme rapidity, landscapes, ardiitecture and interiors, abo for enlargements. 
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TCg-t. 



6ertnan patent llo. 74,437. 



Tig. J. 



The objectioes of this strits dxt universal Icnses in a ütry loide scnse. Thdr füll apcrture rurnishes 
suffIctCTit light for thf requirements of instantaneous photography of citrcme rapidity cum in dull 
weather, and at thf same time couers a plate area of 70'' toith Sharp deflnition up to thf margin. 
Idide-angle photographs embracing an anale of %tr can loithout difficultu bf tahfn loith thesf same 
lenses appropriately stopped doton. the fiouble Rnasttgmats of Series lll satisfy therefore the highest 
requirements both outdoors and in the studio, and are aoailable for any mode of application. 

b) Series 111, T:7.7 (Tlos.te to 22) in special mounts for hand-cameras. 

c) Series IV, TMt (Tlos. 33 to 2S). Rapid Copyina £ens. the Double Rnastigmat Titt is 
primarilii designed for füll snt reproductions, and so applied couers a plate hauing a length 
equal to double the focus with uniform sharpness up to the edge, without curuature and 
astigmatism. 

d) 6oer2'S TleiO Double RnasHamat fTlos. 30 to eo) Series ll. Rapidity T: 5. new formuU 
consisting of two symmetrical hafoes eadi of whidi is composed of two cemented and a Single 
lens. this objectioe yields a perfectly flat field without astigmatism and embracing an anale 
whidi is not equalled bu any other lens of similar rapidity. the cemented lens constitutes 
a uery good Single landscape lens. 

2. R Series (nos.29 to 34) of 6oerz-Rnschütz's Cameras (6erman patent no. 49,919) for 
oarious plate-sizes (6V2X9, 9xt2, t3xtS cm and stereoscope siie) as well as 6nglish plate-sizes. 





Tig.3. 

Socri'Rnschfitf *s camrra, 
closed. 



Tig.4. 

doeri-Rnschflti's cimera, 
opcned, oino from the badi. 



this hand'Camera is ei tremely compact and completely equipped, and is available for erposures douin 
^0 VioM second. Tig. 3 and 4. 

Detailed description, illustrated by many interesting instantaneous photographs, 

may be had free on application. 

9^ 
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3. 6oer2's Photo-Stereo-binocular fno.95), 6erman patent no.t0t,609. bdng a combinatton or 

a) an opera-glass magnifying 2Vi times, 

b) a field glass magnifying 5% times, 

c) a Photographie camera for Single and stereoscopic time and instantaneous photographs 
on plates 4Vix5 cm. 





Tig. 6. 



Ihe necessary dumges are made instantia and loithout unscretoing or detadiing any portion of (he 
apparatus. Tig. 5 and 6. 

4. Photographic traoelUng Rpparahis fno.36). Uarious Changina Darh-slidcs (nos.3i 
to40). Hand Enlarging Rppararus (no.4t). Uarious Sectorial Shutters (nos. 42 to 45]. 
Prisms toith ObjecHoes (tios. 46 and 47). nght-Rlters (nos. 4S and 49). 



2. C. R. Steinheil Söhne, IVlunidi, t theresienhohe. 

Opttcal and Rstronomical l;3orhs. 6stabUshed 1855. 

Proprietor: Dr. Rudolf StcinhciL 

(See also Sections 11, Vb and Vf.) 

OrthosHgmaHc £enses. 

6erman patent no. SS,505.^Frendi patent no. 24t,903.-^British patent no. 12,949. 

Rapid universal objectives possessing spherical, diromatic and astigmatic corrections of a high degrff. 

These objectiues include sif lenses forming tioo symmetrical halues, eadi of tohidi consis^s of a 
positive meniscus b enclosed betioeen a biconoer lens a and a biconcaue lens c, either haoing a 
higher refractioe indei than b. the Sharp Image embraces an angle of SO to S$^ 





Tig. 2. 
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three scrits: t:6.S (Fig.!), formina orcdlent universal objfcHufs, adaptfd for all brandies of photo- 
oraphy; t: S nnbradng only Hif smallcr sUts and parHcularly adapted for hand-cameras, otoino \o the 
rhinness of the lensts and the compact form of thf objecHues; 1:10 comprising largc lenses or 30 cm 
focus and upuiards only, spfcially adapte d for all brandies of modern process toork. 

eirhibits: 

1. OrthOSHgmaKc icns IrS.S nUed wWh Irls-dlaphragm and neto universal shutterBb behoeen 
Ihe lenses. 

2. OrthOSHomatiC Ltns r.lO with accessories for process work, oi2. Prism with renoloing collar 
and plano-paraltel £ight-fiUer fitHng the lens and prism. Screen stops for autolype mork, 

Tele-photographic Objectiues, 

consisHng of an ordinaru Photographie lens haoing a rapidity of about f/T in conjuncHon with a ne- 
gaHue magnifying lens (Tig. 3). 

the Position of the negative dement with respect to the positive lens can be varied bi| means of 
a nuk and pinion movement, this Instrument fumishes any number of fod without moving its üo- 
sition. the camera eftension is considerably less than that necessitated by a Photographie objecttve 
having the required focus and used without a negative lens. 

eifhibit: 

3. 6roup HnHplanrt with magnlfying lens, both forming a tde-photographic lens. 



3. Doigttänder & Sohn, £imited. 

Brunstaick. 

(See also SectionVf.) 

Photographic ObjecHves. 

Portrait RnasHgmaHc Lenses f:4.5. 
Portrait Censes T:2.4 to t:3.i6. 
Portrait £un|scope5 T:4.5. 
CoUinear icnses T: 5.4 to t: s.j. 
CoUinear Lenses F:t.t. 
ColUnear tenses T: 12.5. 
triple HnasHgmatic Lenses Frs.s to f:t.t. 
Reücrslng Prisms, Plane Mirrors, &c. 

4. Paul Waechter, Berlin-Triedenau. 

Optical and Medtanical l9orks. 

established 1812. 

(See also Section Vc.) 

1. Ceucograph, Ser.llla no.t, 125 mm focus, with whed-diaphragms. 

2. ' - no.ta,t50 - - - iris-diaphragm. 

3. - - no.2. 210 . - 
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4. Ceucograph, Ser. Illa no.9, SSOmm focus, toith iris-dUphragm. 

5. - Ho. 4, 340 - - 

6. - Ho. 5, 420 - - - 
T. - - TU). 6, 540 - - - 
8. - no.T, 650 - - • 

9. • . no.t 



10. ' Ho.ta 

11. - no.2 



in dftectiof mount toith helical focussing arrangnnent and 
iris-diaphragm. 



12. H Pair Of CeucographS, Ser. Uta no.t, mounUd together on an aluminium platt, for stereo- 
scopic oioos, with Joint focussing arrangement and iris-diaphragm. 

13. Set of HnasKgmatic ConüerHble £enses for i3xtscm pUtts. 

Darious Folding Cameras, Kodaks fitted with £ensfs, oarious DftfcHof Nounts, Iris-diaphragms, Ac. 



fK O^ O^ O^ O^ O^ €K O^ O^ O^ O^ O^ O^ O^ O^ fK fK O^ O^ fK O^ O^ fK fK fK Ot Ot Ot O^ OC €X 

5. Carl Zeiss, Opticat I;9orks, Jena. 

(Sff also SfcHons !!, Vb, Vc, Vd and Vf.) 

I. Photographic ObjecHves for General Use. 

thf firm of Carl Ze iss took up Ihe manufachtre of pholooraphic lenses some hoflof ycars ago. 
R\ Ihal Hme there wert Ihree hipes dominating Ihf market, uii. me Pe tioal portrait lens, thf aplanatic 
lenses and Single landscape lenses with front stops. Tlert to these should be mentioned the slower 
type ofSteinheiTs antiplanets, the so-called group-antiplanets. 

RIX these lenses were made either entirely from the old glasses or from the new Jena alasses intro- 
duced in tSS6, mainly on account of their improoed durabiuty and transparencu. But all these lenses 
had one defect in common. lOheneoer the angle of oision efceeded 50"* the older types oaoe eoidrnce 
of either astigmatic aberration in a more or less marked degree, whidi was inoariably the case lolien 
they were corrected spherically, or they were insufficiently corrected spherically, if, as rarely happencd, 
they were corrected anastigmatically for anu considerable area. this latter class of lenses comprtscd the 
onlu objectiue whidi required, for the realuation of its formula, the new Jena glasses as essetiHally 
optical constituents, oi2. H. Schroeder*s concentric lens, whidi originated at that time. 

Dissymmehical Hnastigmalic Doubltls. 

Ihe improoements in Photographie lenses initiated by Dr. P. Rudolph and patented bu the firm of 
Carl Zeiss in l$90 consisted in the opposite relations of the refractioe indices in the two memt^ers 
of a Photographie doublet, whereby Dr. Rudolph had enunciated a new prindple whidi proDided for 
the simultaneous correction of the spherical aberrations and the anastigmatic aplaniiation of the field. 

this essentially dissymmetrical formula has subsequently been embodied in numerous series of 
widely differing aperture and showing a gradually deoeloping approadi to a perfectly corrected Photo- 
graphie objectioe. 

the rapid lenses of this type, owing to their anastigmatic correction and great coDering power, are 
aoailable as wide-angle lenses. 

the same type was also deoeloped into a true wide-angle lens and was made to embrace angles 
erceeding ttO''. 
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Development of the Combination-lenses. 

UiHitn a uear aftcr enunciaHng thf anasHgmatic principle, Dr. P.Rudolph applied U to the im- 
prooemmt or the landscape lens, rreated as an dement of the combination. 

These sets conststed, preoious to the introduction of the anasHgmatic principle, almost efclusioely 
of aplanatic haloes and emanated principally from Trance, this form of binani combination was, hoio- 
eoer, ill adapted for the spherical correction in oblique penctls, whilst the anasHgmatic correction was 
no better than that efisting in the old doublets. 

the application of the anastigmatic principle considerablu modiRed these defects. The Single lens 
of Series Vi, computed in tS9t and placed upon the market in tS93, was in a more or less marked 
degree free from astigmatism as well as distortion. 6eneral correction was carried a step further in 
the formula of the Single lenses of Series Vll, whidi were brought out in l$94. these landscape 
lenses consist of four cemented lenses and are corrected sphericallti, diromatically and astigmatically 
in sudi a manner as to be auailable for combination into sets satisf^ing the highest requirements. 

rhe Planar. 

the anastigmatic formula, though completely successful in its applicability to universal and Wide- 
angle lenses, did not satisfy the nen| highest requirements of the Rnest process work. 1t failed in 
this respect for the same reason whidi had efcluded the old symmeh^ical lenses from progress in this 
direction, inasmudi as the correction of spherical aberrations was not satisfactorily free from lones. 

to fill this gajp Dr. Rudolph made a series of computations whidi, in tS96, culminated in the 
itiss Planar, a rype whidi is almost entirely free from lones and, at the same time, shows a re- 
markably dose approadi to perfed applanation. It was, however, not possible to cement all the lenses 
in either component. this ts the first instance of modern objedioes of 6erman origin showing light 
reflecting surfaces. 

these three pdndpal tupes, as spedfied aboue, represent the creatioe adiieoements of the Rrm. In 
addition, we may refer to the manufadure, since IS93, of tele-photopraphic objedines, consisting of 
positive and negative components, a combination whidi had been originated in tS5t by 1. Porro, of 
Paris, and twenni years later taken up with energy by th. R. Dallmeyer, of £ondon. 

Finallu, we may mention the independent re-discoveni of the anamorphotic formula of tS9T, the 
flrst and pradically most important part of whidi was, howeoer, subsequently found to haoe been 
patented by the Frendi optician £^on Tarrenc in tS63. 

HnasHgmaHc Doublets. 

Series IIa, l:S. Objedioes for instantaneous erposures out of doors, also for portraits, groups, 
landscapes and for copying. Originated in tS93. 9 foci from 90 to 493 mm. 





Type of the rapid doublets. 
Series II a. 5 lenses. 



Inpe of the sloioer doublets. 
Series III a and V. 4 lenses. 



Series III a, 1:9. Universal and group lenses, also adapted for large porh^aits, interiors and copying. 
Originated in lS9t. 14 foci from 15 to S20 mm. 

Series V, t:ts. lOide-angle lenses for ardiitedure, interiors and photogrammetric work. Originated 
in U90. 10 fod from 40 to 390 mm. 
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Comertible Hnastigmats. 





Quarteniarv convcrrible RnasHgnut. 



Hemisymmetrlcal comblnatlon anasrignut, 
rurnlshlng s focL 




ScrifsVIl, t:li and t:t3.5. Rapid Single lenses for 
instantaneous photography and landscapes. Conoertiblc f le • 
ment for anasHgmaKc s€\s. Originated in tS95. t4 foci 
from 100 \o 1000 mm. 

StTits VII a, 1 : 6.9, 1 : T.0, 1 : T.T. Rapid obje ctiDf s for toidf- 
angle instantaneous photographs, portraits and groups, also 
for ardiitechire, landscapes and phorogrammehic pholographi|. 
These objecHues are composed of hoo lenses of Ine precedtng 
group. 21 foci from 61 ro 599 mm. 

Series la. the Planar. 1:9.6 lo 1:9. Rapid special ob- 
jecHoes for enlargino and projecling, also for inslanlaneous 
pholography, porlrairs and groups. Originaled in 169 1. 16 
foci from 30 to 610 mm. 

T9pe of rhe planar. ttlf-photographic ObjfCHOfS. ttoo hipes are made, 

one being a rapid objecHue for porlrails and landscapes, the 
oHier a sloioer loide-angle lens for ardiilechtral delatls. The 
htbe is Rlled loilh an aulomaHc iris-shuUer, and is gradualed in terms of the optical intervals. 

the HnamorphoKc System, for the production of deRnite distortions, the ratios of distortions 
Darying from 10:9 to 10:9. 

II. Objectiues and Ruiriliani RppUances for Process Work. 

the construction of copying lenses has, from the first, been regarded as a difRcult department otoina 
to the accentuated requtrements as to precision and toorkmanship imposed by their peculiar mode oT 
application and their large size. 

Ihe princtpal series of Dr.Rudolph*s formula haue been specialized so as to render them aoatl- 
able for copyin^ etdiinas and mezzotinrs. Rmona these copying lenses loill be found representatioes of 
the anastigmattc doublets, the conuertible anasrigmats and the planars. the latter being free from 
zones haue seroed to realize an idea proposed by £.Det)ille, and thus to limit in the autofype process, 
by means of symmetrically perforated stops^so-called coinctdent stops-^, the loss of light resulttng 
from the form of the screen. 

As adjunct's for copying lenses loe make reoersing prisms toith siloered hupo- 
tenusal faces, the use of lohidi dates badi to Ch. Chevalier, and also slrtctly 
plane and parallel light-Rlter troughs. 

III. Shutters. 

the three forms of shutters manufactured by us are made to toork in the plane 
of the stop; the iris, lohidi opens from the centre, seroing both as a shutter and 
lens-stop proper, this arrangement ensures the most fauourable condttions as to 
distriburion of light obtainable loith lens-shutters. 

Descriptions and price-lists in Trendi, 6erman and Cnglish may be had frtt 
Adjusubte iru-shuttrr. on application. 
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f. Hand-telescopes and rerrestrial Telescopes. 

t. C. P. 6oer£, Triedenau near Berlin. 

OpHcal Works. 
Brandtes in Tltto Uorh, Paris, Condon. (Paris: 22 rue de r£ntrepdt) 

(Sff also Sfction Ve.) 

6oer2's trihtdron Binoculars cnos. sta \o h). eerman patent no. 104,343. 

Kfpplerian telfscopes toith nrecting prisms, nnbracing a fidd of 40"* fltted 
loith patent objectioes uielding images of eyqutsite definition, cleamess and ab- 
stnce of coloitr. FUgmfying poioers: 3, 6, 9 and 13 diameters. 

Ihe fteld of oieio of these glasses (40^ absolute) is not surpassed 

by any other glass. 

Detailed catalogues of C. P. 6oer2's objects of manufacttire may be had free 
on appltcatton at the £yhibttion. 




2. Vi. Hensoldt & Söhne, Wetzlar. 

Optial Works. 





Tlg.u 



Tig.3. 



1. StertO-binocular, a field-glass of conoentent and pleasing form and possessing considerable 
ioht-gatherinQ power, fitted toith orthoscopic eyepieces of the terrestrial type and a patented form of 
uiort focus ODjectioes, tohich elimtnate the necessitn of separately focussing near and 
Ustant objects. these glasses are particularly adapted for militani, marine, sporting and traoelling 
^oses. they magni(i| T diameters. Figs. 1 and 2. 

2. OpHcal Suroeuing Pentagon for rapidly and accurately measuring and setting ofT angles of 
)0 and ISO*". 
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Fig. 2. 




Fig. 4. 



3. Pentaprism BinOCUlar. Figs. 3 and 4. An tnHrdy nno conshrucHon, pattnted in many coun- 
trifs. Ihf optical part consists of a binary objfctiue of great lioM-gathcrina power and a short astro- 
nomical fuqiiecf, behoftn lohidi is placed a prisnuHc combinahon. Xht toholf of the optical parts is 
madf of thf purest and best glasses, accuratdy ground and poUshe d. Xht hibes are adjitsUbU \o suit 
thf distancf behoten the uscr's eyes. The niepifce can be adjusted so as \o hiUy uHlizc the Visual 
potoer of tadi eye. Ho rt-adjushnent is reauirtd after once adjusting the distance behoe en the tubes 
and focussing \he t^epitcts for sufficientlu distant objects. 

Ihf Dtntaprism binocular magniRes T hmts and the obifctioe has an apaturt of about 24 mm. the 
linear neld of nieio embraces 91 per 1000 m. Its loeight h 395 g. 

4. OpKcal Parts for ScienHfic Instruments, telescope objectioes, terrestrtal and 
astronomical eyepieces of an original type, prisms, &c. 



cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmtmtmcmm 




3. C. R. Steinheil Söhne, 

Wunich, T Iheresienhöhe. 

Optical and Hstronomial l9orks. Cstablished 1855. 

Proprietor: Dr. Rudolf SttinheiL 

(See also Sections 11, Vb and Ve.) 

Hand-telescopes and lerrestrial lelescopes. 
t. Drauj-telescepts:-^ 

a) Of considerable magnifying power, fitted 
loith a double objectioe and ordinani terrestrtal eye- 
piece BD. 

Crhibits: Draw-telescope loith tree-scmo, 
mounted on foldino tripod stand of wood. (The tret- 
screio is auailable for use toitti and toithout the stand.) 
Draw-telescope mounted in bronied brass and 
fitted wtth a sun-shade. Suitable for deer-stalhing. 
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b) Of considfrabk Ught-gatherino power (night-tflescopes), fiWtd toiHi triple objfcHoe 
and adnromaHc terrcshial qiepiccfs Br. 

Crhibü: Drato-tfUscopt loiHi a small földlng table-stand. 

terrestrial teltSCOpt toith Stand, as shoum in tht illustraHon, fitred toiHi a doublt objfcNoe 
and ordtnani terrtstrial eyepiece BD. the telescope bodu ts casfd in mahogany. Tocussing is facüitated 
by a radi and pinion moonntnh The stand consUts or an tron table tripod and a brass column, and 
ttif telescopc is directed bv band horiiontally and ofrticaUy, the column being adjustable in height 
and provided toith a clamp. 



4. üoigtländer & Sohn. 

£iinittd.-^Brun5iotdi. 
(Sff also SfcHon Ve.) 

lelescopes. 

6aUlfan Binoculars, rield, Race and Opcra 6lasses. 

night Maritlt Blasses (as suppUed lo Hit 6ermannaot|). 

tfrrtstrial Binoculars with oaHable poioers (Bit sf *s 
System). 

Prism-binoculars. 

Warine Telescopes. 

Drata-telescopes for tourists. 

Stand-telescoptS, apcrture up to 4'. 

Rifit telescopes of highest light-gathcring power. 





5. Carl 2eiss, Optical Works, Jena. 

(See also Sections U, Vb, Vc, Vd and Ve.) 

Terrestrial Telescopes. 

Ihe tnanufacture of terrestrial telescopes was taken up by ttie Rrm in tS94, wtien the principle of 
Porro's erecting prisms was applied to the construction of a new form of terrestrial telescope. 

Porro's discoDery dates from the middle of this Century, but it subsequently sank hito oblioion. 
Ky its means an astronomical telescope can be made to yield erect Images and is thereby conoerted 
ittto a terrestrial telescope. R hand-tetescope constructed on this plan is not subject to the obiection- 
ible features of the 6alilean telescope, and at the same time the sfiortening of the tube-lenoth nas the 
Effect of reducing in an eftraordinary dearee the usual dimensions of the Instrument. Besides taking 
füll adoantage of the optical resources of this prism combination in the construction of superior terres- 
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trUl tflfscopes, Hie firm has hirHier deodoped Hie possibiltties resulHng from the appUcation of 
Porro*s pnsms in the conshitcHon of neto bmoculars, by increasitio \ht normal inter-ocular disUtice 
of the objfcHDfs and thereby gaining, aftcr the tele-stereoscopic prtnciple of Herschel and Helm- 
hol ti, an increase in the power of appreciattng differences or distance and an enhanced stereoscopic 
efTect. Binocular telescopes constructed on this principle render differences of depth in space appamü 
at a giuen magnification toith a degree of distmctness whidi is only attainable in an ordinary bin- 
ocular of considerably greater magnirying poioer and therefore haoing a mudi smaller field of oieio. 

this tele-stereoscopic principle has been embodied in all Zeiss binoculars. the so-called **Tield- 
Qlasses" emulate the form of the ordinaru binocular and inaease the stereoscopic effect of nahira! 
binocular oision in the proportion of 1V4: t ro 3 : 1. In the case of stereo hand-telescopes, the obiectives 

are respectiuelu 5 times and eyt times 
further apart tnan the eyes, and in the 
stand binoculars this ratio ts 9 and 
even 33. the binocular telescopes be- 
longing to this latter category show oery 
distant objects in solid outlines and 
in their true relative position one be- 
hind the other. 

the tele-stereoscopic principle has fur- 
ther been embodied in the construction 
of the sO'Called stereo-telemeter as a- 
hibited by this firm among the optical 
measuring Instruments. See sectionVb. 

I. Stand'telescopes. 

A. Monocular Stand-Mtscopes 

fRenoloer telescopes, Fig.t) fitted with 
Amici-Rbbe erectina prisms and fur- 
nishing three magniniing powers (bi) 
means of three euepieces mounted on a 
reoolDina collar). the telescope is held bu 
a metal Irame mounted on a wooden stani 
there are tioo modeis magnifying 13, IS, 
34 and 13, 25, 40 times respectinely. 

B. Binocular Stand-telescopes, 
hauing their objectioes at a constderablf 
distance apart, supported by a metal 
frame mounted on a wooden stand. 

a) lOith Porro*s erectina prisms and 
hinged at the centre (Hinged Stereo 
Stand-telescope, Tio. 3). Zwo modeis 
both haoing an mtra-objecHDe dis- 
tance of 5T0 mm, one magnth|tng \y 
the other 10 and tS times b^ tioo pairs 
of eyepieces mounted on reDolners. 

b) Rigid Horiiontal "Beam*' Stand-teU- 
scope fitted with terrestrial euepieces, 
witn obiectiues 3000 mm apart and 
magnifymg 30 times (Fig. 3). 

A detailed description of the telescopes specified under l, A and B, will be found in our CataloQue 
of **new binocular and monocular Stand-telescopes," whidi may be had free on appUcation in either 
Trendi, 6nglish or 6erman. 

II. Hand-telescopes. 

A. Monoculars fitted with Porro's erecNng prisms. 

t. Hielding one magnih|ing power. Seoen siies maanifuing respectinely from 4 to 13 times. 
3. Hielding two magnifying powers, 3 and 10, and ntted for this purpose with two qiepleces 
mounted on reooloers. 



Tig.l. 

Rcüotver telescope, 
nugtiirylng ti, 15 and 40 times. 



Fig. 3. 
Hinged Stereo stand- 
telescope shoioing the 
telescopes fotded upioards, 
magnirying tS times. 




Fig. 3. 

Horliontal beam stand-telescope, magnifying SO times. 
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Fig. 4. 

Tield-gUss, magnlfying I tlmes. 



Tig. 5. 

Diy and night marine binocuUr, 
magnifylng l and 10 tlmes. 



B. Binoculars toith increased intra-objecHuf dtstancf and Rtted loith Porro's erecHng prisms. 

a) Tifld-glasses (Tig. 4). 

t. Hielding one magniRcaHon only. Smen siies hauing their obiectiues from 115 to 130 mm 

apart and maQnlfiitng 4 to 12 Hmes respecttnely. fheir lighr-transmitHng poioer oaries 

according \o rat purposf for lohidi \htu are desianed. 
2. Hifldtng hoo magniRcations, 5 and 10, being fitled loilh hoc pairs of qiepifCfs mounlfd 

on rmolncrs, knoion as '*Dai| and night Marine Binoculars" (Fig. 5). the distance 

bftioeen the objectiofs is 190 mm. 

b) StfrfO'tflfscopes(Fig.6). 
ttoo sius hauing intra- 
objectiue distances of 
940 and 490 mm and 
magnifying S and 10 
Hmes respectiufly. 

R detailfd description of the 
tflescopes speciRed under 11, A 
and B, toill be found in our 
Catalogue of '* Portable Zeiss 
Binoculars and Stand-telescopes," 
lohidi may be had free on applic- 
ation in either Frendi, English or Fig. 6. 

6cmian. Portable stereo-telescope. Shown loUh outstretdied arms. Nagnlfylng t tlmes. 




g. Crystalloptics, RppUances for DemonstraKng and Obseroing 

the Phenotnena of Oght. 

t. K. Brunn^e (late üoigt & Hochgesang), öötUngen. 

Viaher of CnistallopKcal Instruments and Preparer of Microscopic £amina of Rocks, 

Minerals, Fossils, &c. 

(See also Section I.) 

t. Carge Microscope Ho.tA, as designed by Prof. C. Klein, for mineralogical and petro- 
logical research. tiiis insh^ument satisRes in everu respect the most adnanced requirements and 
is speciallii adapted for fine measurements in parallel polariied and in conoergent lidht. The cirde 
is made of nidielin, dioided into Vs degrees and reads by a uernier to 1'. the Bertrand lens is 
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adjitstablf bv a radi and pinton moDnnent tolHi respect to Hic objectioe and nmiecc so as to render 
the interfcrenHal curofs sharplu adjustable loiHi any objecHoe and nmiece. the light can bf shmed 
doton by mcans of an irts-diapnragm for Hic bf ttcr oraminaHon of snuil mineral laminac. the polar- 
iier is proDided loiHi an arrangemnit for quidüu passing front parallel poUriied to conoergntf Light 
and anorhcr poUriicr toiHi large Tlicol prism and a sct of Unses is supplied toiHi Hic mtcroscope fbr 
omi conocrgent light. 

thf preparaNons can be seardied and measurtd systenuHcallu lolHi the aid of a cooered compouid 
prismanc mooement (D-^-^-l^- Ho. 69,S65), tohidi noiohere obsfructs or darliens Hie gradiuHons 01 
rhe circle, lohilst the prisms themseloes, being thoroughly protected from dust and injuni, are not 
apt to get out of order. 

the equipment of the microscope includes objecHoes Hos. 9» S, T, 4, 2, t, 00, an objectine of \M 
numer. aperture, eyepieces Hos. t, 2, 3, 4, Bertrand eyepieces. compensating eyepiece, sareio micro- 
meter euepiece, quarti toedges of the 1. to 111. order, penumbra oolariier, quarti seienite and mica übRs, 
and a universal Rotator combining the features of Klein s and Fedoroio*s designs. 



in parallel polarlied and conoergent light. the ch^cte is dioided into 960^ and reads by a Dcmier to 
Vi/, the polariier is fltted toith a rapid lens-dianger. the ttibe is loithout a draio and contatns a 
b er trän d lens and a moDable and rotaHng Tlicol prism. the microscope outdt indtides objectioc 



2. Microscope Tlo. 3 A. this is a shnple instrument tohidi sttfRces for all ordinani inocstigatiras 

' reads by a Dcmier to 

drato and contatns a 
. oul 
Tlos. T, 4, 2, eyepieces 2, 9, 4, a quarti toedge, seienite', quarti and mica ftlms. 

3. Microscope of Cnglish Form, own deslgn. Both nicol prisms are htmed by tooth-iohrtls 
mounted in spring-bearings. the tooth-toheel is surmounted bu a circle dit)ided into 900^, reading to 
%*" by a t)emier. the draw-tube is Rtted with a Bertrand lens and is adjustable by a radi and 

Sinion moDement. the cottdenser lettses are independent of ttte rotaHon of the Tlicol prisms aiul cas 
e raised and lotoered by a sortvo. the stage is fitted toith means for quidily dunging the illtiminatioi. 
the medunical stage can readily be detadied. the opHcal equipment indtides objecHt)es Tlos. 0, T, 4 
and 2, eyepieces 1, 2, 9 and 4, quarti wedge, seienite and mica Itlms. 

4. CoUecHoTi of 34T CamiTiattd SecHons of the Pritictpal types of Rodis, seteded ac- 

cordingto H. Rosenbusch's Mikroskopische Physiographie der massigen Gesteine, 3rd 
ediHon. 

this cotlecHon includes the prindpal groups of erupHoe rodis and espedally tupes idenKIted during 
recent years. the preparaHon of these rodis is due to the kituiness or Messrs. Brögoer, Chelius, 
Diller, Hibsch, oon Kraati-Koschlau, Osann, Ramsay, Rosenbusch. ProrRosenbusdi 
has moreooer kindly compiled aiul oerified the lamiiuHons. 

5. CoUecHoti of ttS Camitiated SecHons of Petrographicallu Importatit Minerals« is 

compiled by Prof. C. Klein and prepared atui cleft in sudi a manner as ro clearly ituticatt the crystallo- 
graphic form of the preparation. 

6. H Series of Carge CaminaHons of InteresHng SiUcious Uoods, as prepared for Prof 
Count lu Solms-Caubach. 

T. Chemical Microscope, constructed according to the suggesNons of Prof. 0. Cehmann and 
aoailable for Observation at white heatand for elech^olysis. Crperiments at uihite heat are made 
with the aid of a double cased objecHoe tohidi is traoersed bu a continuous stream of cold toater. Ihr 
bloto-pipe (lame passes through an asbestos tube inserted into the opening of the microscope st^. 
the preparation is placed upon a small object-slide (tOxtOmm) resting upon a separate object-stagr. 
whidi is manipulated on the microscope stage like an orditury object-slide. this small stage is fitted 
with four Rne platinum points whidi support the small sUde so as to conduct as little heat as possiblf 
to the loose stage.^£lectrolytic eiperiments are liketoise performed with the aid of a loosesb^ 
whidi sUdes upon the microscope stage like an ordinary slide. the electrolytic stage is fitted toith hoo 
ebonite cups and platinum electrodes. the mercury cups are connected with two oriier fired cups fom- 
ing the terminals of a small battery. Polariiation is effected by means of two mirrors, whereas thf 
illuminating mirror can be rotated so as to rapidty dünge the illumitution. the bunter is attadied 
to the horse-shoe foot and can be tumed aside. the admission of gas and air is regulated by hoo 
screW'Oaloes. two blow-tubes can be attadted to the stage so as to rapidly cool the objecttoe or pre- 
paration. the optical equipment includes objectioes Ro. t, 4 and 5, eyepieces 2, 9 and 4, seienite and 
mica Rlms. 
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2. K. Tuess, late J. 6. öreiner jr. & öeissler, 

Steglitz near Berlin, T/$ üünttierstr. 
Medtanical and Optical Works. 

(See also SecHons lila, IV, Vb and Vd.) 

t. Films and Prq^arations of Cnistals. 

2. RefItcHng 6oniometer« Model IVa. Cooered cirde to cm in diametcr diuided Mo Vt^ read- 
mg to t' bi| 3 Demiers, one eyepiece and lOebsky's sliL the centreing and adjusHng appliances are 
capable of moDement totthin totde limits. (C. £eiss. Die opHsdien Inshitmente, &c., p.tST.) 

3. Reflecting 6oniometer, Model II, on trlpod toith leüelUng screws. the limb is cooered and 
dioided on siluer into V4 degrees. The alhidada reads to 30' b\| 2 oerniers. the telescope mooes toith 
the alhidada and can be clamped. the slit coUimator is staHonary. the Instrument is equipped toith 
4ei|epieces and 4 Signals. (C£eiss, ibid., p.tt9.) 

4. netO Polarizing HpparahlS, toith lens of wide aperture. (C. £eiss, ibid., p.t5T.) 

9. Hdonometer toith neio telescope capable of transition, during Observation, from reductions of 4 
to magniflcations of4, assuggested by 6. n.l9ülfing (n. Jahrb. f. Mineralogie, Suppl.t$9S. XIl. p.40$). 

6. £arge Flicroscope, Model VI, toith jointly mooing nicols, reooloing and moDable stage, throto- 
out tube and ei|epiece nicols, adjustable analyiing and polariiing nicols, and objectioe dianger. (C. £eiss, 
ibid., p.t99.) 

7. Nicroscope, Model III a, toith ertra Urge rield of oieio. (C. £eiss, ibid., p.t9t.) 

5. netO Rotating 6ears of oarious hindS suggested by Klein, oon Tedoroto and others. 
(C£eiss, ibid., p.23t.) 

9. netO Didtroscopes. (C£eiss, ibid., p.tT9.) 



3. öustaü Halle, Ki^rdorf near Berlin, 53 Hemannstr. 

Mäher of Scientific and tedtnical Instruments of Precision. 

(See also Sections Vb, Vc and X.) 

1. Demonstration Hand-microscope for Petrological Purposes. this Instrument is partiy 

made of aluminittm in order to, as far as possible, reduce the wnght and facilitate its transmission 
from Hand to band during lectures. the tube-analyzer can be drawn in and out and tumed 90^. Be- 
hoeen this analyier and the objectioe, the tube is prooided toith a slit for the auriliani mineral plates 
(V4 phase mica and selenite films, Red I. order). the object-stage is made to reooloe and is dioided 
into sinole degrees, the polarizer slides up and doton and mau be tumed 45^ In addition to objectioes 
0, 2 and 4, the microscope is supplied with a lens for arial Images Rtted toith condenser, together 
toith a corresponding lens in adjustable mount to rest on the eyepiece. 

2. Unioersal Hand 6rinding Hpparatus for preparing accurately orientated laminae of crystals, 
fitted iDtth transparent object-carrier and an accessory for small objects. 

3. Ttnprooed Didtroscope (6. Halle and Cathrein*s new form). 

4. Hand-apparatus for Demonstrating Double Refraction. 

5. rhidiness-miaometer, as described in the Zeitsdlr. f. Instrumentenkunde, OctobertS96. See 
Hg. 011p. 144. the oalues are read ofT directlv in 0.00 t mm bu a potoerful miaoscope with the aid of 
an ocuCar oemier and a transparent glass scale (0.0 t mm) ilmminated from the badi. lOithottt metal 
Scale, lotttiout filar micrometer. (Registered.) 
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6. thickness-micrometer for Controlling Reclangular Prisnts (aftcr Uoigtiänder-Haiie). 

thf oalues are read off to loithin tS seconds of the arc by means of an ocular scale sihiated loithin 
the rtading mtcroscope. Ihe iUutninatton from thf badi fumishes a uniformly lohite Reld lohtdi shcnos 
in Sharp conh^ast the intensely bladi Unes of the scalf as lofll as the ahtmtl^ Rne point of the 
gauging Imer. (Rcgistcred.) 

T. Spheroscope, or Hpparalus for Gaugina Curoes aftcr Doigtiänder-Haiie, ror rapid 

comparison of lenses of any siie or curnahtre. iht reading microscope is RHed loith an tycpiccc 
scalf, and by its means the radial differences can be accurately determined loithin 30 seconds or Hu 
arc. Ihe oscillations of an erh^emely Rne gauge inder are shoion loith erquisite sharpness on a lohite 
field illuminated from the badi. the Instrument is supplied with four measuring rings at least, bul 
any number of rings of special diameter can be adapted to the Instrument, their price Darirs witt 
their siie. (Registered.) 



aaaaaaaaaaaaaaaaaaaaaaaaaaaa et cjt a 

4. üalentin £inhoff, Munidi, 42 eoethestr. 

Philosophical Instrument Maker. 

1. Refltctina Goniometer toith oertical dioided circle. the teiescope is parallel to the pum 

of the dioided circle and points to the aris of rotation. 1t is fitted with an adiustable centreing sU(k 
and a definite point of the Signal can be made to coincide with the cenh^e of the cross-lines. 

2. Reflecting Goniometer loith horizontal dioided circle, two teiescopes, coiumator mit 
10ebskt|*s slit and tu)o micrometer adjustments. the goniometer is mounted on a stout column so i 
to ensure absolutely unimpeded rotation of the circle and adjustability, in any position of tht centn 
ing stage. 

these insh'uments are adapted for the same Operations as Tuess's goniometers. Rlthough, nahiratt 
second to the latter in point of eiactness, yet, by reason of their simplicihi, they are adapted for cn 
uenient and accurate working. (See 6roth*s Physihalisdie Krystalloptik, tS95, pp. 636 and 64S.) 
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5. Wilhelm Siedentopf, Würzburg. 

nedtanidan to tht Royal Uniütrsih) of Uüriburg. 
Maker of Physical and Physiological Instruments of Prtcision. 

(Sff also Sfction VI.) 



Prof. Dr. LZttinder's Intcr- 
ferential Rtfractor. 

thf apparahis as shoion in Hie 

illustraKon is hilly describfd in 

ttie Zcitsdirift fQr Inshmmenten' 

kundf t1. p.3T$. t$9t. 




Vt ruU Site. 
ot oc oc oc ot oc oc oc oc oc oc oc oc ot oc oc oc oc oc oc oc oc oc ot ot oc oc oc oc oc oc 

6. Dr. Steeg & Keuter, Homburg ü. d. H. (Bad Homburg). 

Optical Institute. £stabUstied tSSS. 

6old Medal: naples tSTO. Silvcr Medal: Moscoid tST2. Progress Medal: Ditnna t$T5. 

Diplonias: 0ra2 ts$0 and Trankfort-on-Hif-Main t$St. 6old Nfdals: Dienna tSS3, Rnhoerp tSS5. 

Diptoma and Oold Medal: Brüssels tSS$. Diploma and 6old Medal: Chicago tS93. 

(See also SecHon Vb.) 

R Collection of about 370 films of natural and artificial cnjstals for studying ttie 
optical properties of cnistalliied bodies in polariied light, in matiogany case. 

this collection embraces:-'Tilms of uniarial crvstals, around at righl angles to the airis, loith posi- 
tioe and negative double refraction. Tilms of biartal crystals, cleft at right angles to the acute bisectrir 
or othenoise. Tilms of substances producino circular polartiatton. Plafes of crystals with embeddings. 
Iwin-plate consisting of uniarial and biai ial crystals. Plates and jparallelepipeda of ()leodiroitic crystals. 
Tilms of substances gioing rise to abnormal double refraction. Preparattons of animal and oegetable 
substances acting on polartied light. Mica combinations after ndrremberg and Reusch. Tinally, some 
of the most tmportant accessor(es for inoestigations on polariied light, sudi as retarding Rlms, wedges, 
coloured glasses, &c. 
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VI. eiectrical Measuring Instruments for 
Scientific Purposes. 

t. Hartmann & Braun, Trankfort-on-the-Main. 

Mähers of £lectrical Fleasuring Instruments. 

(See also Sectton IV.) 

Ihf factory loas established in t$T9 at lOürzburo and transferred \o Frankfort-on-the-Main in ts$4. 
The establishment undertakes \he construction and manufachire of all inshiiments required for eiact 
eiectrical measurements, complete equipmenls of scientific and tedinical laboratories, starionaru as weil 
as portable, and also the manufacture of commercial eiectrical Instruments, of tohidi up to the md of 
tS99 some SO.OOO haoe been supplied, adapted for potentials up to 30,000 oolts and currents up to 
30,000 amp^es. 

R special department is reserued for the preparation of materials for the safe wirina of dwelUngs. 

the firm possesses physical laboratories for the preliminaru inoestigations preceding tne constntction 
of new Instruments and for testing and standardiiing scientific measuring Instruments. 

Separate laboratories haue been established for standardiiing commercial Instruments, last year*s outpul 
amounting to 30,000 amp^emeters, uoltmeters, Wattmeters, ohmmeters and consumption registers. 

Messrs. Hartmann & Braun haue been the redpients of the highest awards on various inter- 
national efhibitions. 
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1. Standard RtSistanct CoilS aftcr the models of me hnpcrUl Physical and tedinical InsHhite, 
ofO.l, 1, 10, tOO, 1,000, f 0,000 and too,000 ohms (Firm's catalogue Ho. $52). 

2. Standard Resistance Coils, for Urge currents, of O.Ot and 0.00 t Ohms (Firm's catalogue 
Dos. 553 and 554). 

3. Standard Cells of the Clark type, modtfifd by Kahle, and in l3fston*s form (Firm*s cata- 
logue no. 551). 

4. Resistance Boires toith Plug Connection, of uarious ranges from o.oi \o io,ooo ohms. Fig. i. 
üiese boffs tocre first introduced b\| Nfssrs. Siemens & Halske, but the efhibitors hane added 

sraeral improoements some of tohidi haue become tupical. 

In the place of the grouping usitallti adopted in sets or toeights the follotoing series has been introduced :^ 
O.Ol 0.1 0.3 0.9 0.4 and O.l l l 3 9 4 

13 9 4 10 30 90 40 

10 30 90 40 Ac. 100 300 900 400 &C. 

£adi blodi being Rtted at the side toith plug binding scretos for shunting, this series renders the 
bor aoailable for self-comparison loith the smallest number of plug-resistances, e. o. 1 mau be compared 
toith 1, 1+1 toith 3, 1+3 loith 9, &c. In addition, the beginning and end of eadi resistance are not 
joined to the same connection, as formerly, but are eadi connected separately, hence the sum of the in- 
dioiduallti measured resistances is equal to the resistances measured in the aggregate. the pluas are 
moreooer of a deeper form; they require, it is hite, more accurate Rtting but are more readily eftracted 
and do not so easily become lodied in consequence of dunges of temperature. the ebonite handles 
are conuenientlti shaped and fused on to the metal; thev are so arranged as to obniate the production 
of Hiermo-currents at the plug contacts. In other respects the requirements of the Imperial Physical 
and tedmtcal Institute haoe been foUowed. 

5. Cord Kelüin's Multi-cellular Voltmeters (no. 595), for lou) potentials, reading to maiima 
of 65 to 500 oolts and fitted with a larger or smaller number of cells. they hane been modiRed so as 
\o harmoniie with other measuring Instruments designed for indush^ial use. the troublesome oil- 
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damper of the original instrument has been rcpUced bu an tfdciml copper damper. These instruments 
are parHcuUrlii useful for measuring po(enHals a( disrant points, e.a. (he feeding points of a toidelv 
rammed System of cables, since the resistance of the feeder conduchng loires need not be taken into 
consideration. 

6. Statte Doltmttfr (no. 594) for eihremely high potentials. Ihe inshitment is adjusted for 
1 0,000 oolts and consists essentialia of tioo plates receioing similar durges, one plate being monable 
so as to be repelled, tohilst at the same time it is attracted by a fiyed plate connected loith the othfr 
pole, the small movement is transmitted by a leoer to a pointer. the distance betioeen tfie fiied 
plates can be naried so that the Instrument can be adjusted for any ooltage or scale. RH metallic parts 
are enclosed in a casing of highly insulating material so as to eliminate bodily risks. 

T. Small Pointfr 6atoanometer (no. 566) with bell-magnet suspended by a cocoon Rbre, with 
dead'beat action and biRlarly wound multiplier, with reliable arrester for transport and connenient 
means for rapid adjustment. 

$. telescopt 6atoanometer wlth aperiodically damped bell-magnet and astatizing magnet(no.36Ta). 
Ihe biniarlii wound multipliers can be displaced so as to nary the sensitioeness white the resistance 
may or may not be naried. the deflections are read by a mirror and small telescope on a scale placcd 
25 cm away. the Instrument gioes accurate readings; it is compact and portable and can be set up 
in a fem seconds. the sensitineness of the Instrument, when non-astatic, naries from 9 to 5x10—^ am- 
päres per dioision according to the resistance of the coils. Tig. 2. 

9. iarqt Rperiodic Reflecting 6aloanometfr (no. 5Tt). this inshitment embraces the combined 
adoantages of biemens's bell-magnet, I9iedemann's monable multipliers withBecquerel's wind- 
ing, astatiiation bi|aBraun*s soft iron screen-ring and narious other appropriate medunical deoices. 
the sensitioeness, irrespectioe of astatiiation, corresponding to a defiection of t mm at a scale-distancc 
of t m naries from S to 3xtO-< ampäres, according to the resistance. 

the bell-magnet is considerablu reduced in sizt and modiRed in shape so as to carru T5 times its 
oum toeight. the substance of the copper used in the damper has also been considerablu diminished 
without prejudice to the aperiodicitu or the Instrument. Bu these modifications the uiindings haoc 
been made to apprpadi the poles of the magnet, and the sensitfoeness has been increased correspondingli|. 

the Screening ring is made in two parts in order to oboiate polaritu by dunging the murual 

Bosition of the parts. the mirror is appropriately mounted and a connenient deoice is prouided for 
laui|*s rod. tig. 5. 

to. Rstatic Reflecting 6atoanometfr toith Dfrtical naonets (no. 5T2). the magnetic system 

consists of two oertical needles coupled dose together, as used du I9eiss in a later deoice, and pos- 
stsses similar adoantages as the bell-magnet, being besides efcellentlti adapted for astatiiation. the 
System is suspended by a quarti Rbre capable of adjustment in its length. tfie whole Instrument is 
desioned in sudi a manner that the oertical magnetic couple can be immediatelii eidunged for a thomson 
or Rubens astatic magnetic System. It is particularly adapted for cable work. the sensitioeness 
when beating tO seconds uiith a resistance of 5,000 ohms is 3.5xt0-'t ampä^es per t mm defiection at 
a scale-distance of t m. 

6aliianometer uiith fiied magnets. Hartmann k Braun were the first to recognize the 
adoantages of the prindple of the mooable coil within a fUred permanent magnetic field as Rrst applied 
in thomson's syphon recorder and adapted bu Deprei and d'Rrsonoal to the construction of 
galoanometers. the deoelopment of that pnnciple has led to the construction of ''Precision ooltmeters*" 
and **Precision ampäremeters** designed ror industrial purposes and fitted with piooted needles; more- 
00er, bu nner arranaements for the Suspension and connection uiith the circuit, also by an improoed 
form of coil and befter intensitu of the magnetic field, a degree of sensitioeness has been obtained 
uihidi is othenoise not realiiable eicept uiith troublesome astatic galoanometers; and, Rnallu, oarious 
medunical improoements haoe been Introduced so as to considerably eilend the applicabiUtv of Hie 
Instruments. Tig. 4. 

tt. Pointer 6atoanometer uiith mooable coil (no.556a) and piooted System, n denection of t*" 
reads O.OOOOOT ampäre. 

12. Portable Precision nUltooltmeter (no.OOt), uiith piooted needles, circuit resistances for 
high Potentials and Shunt resistances for oery large currents. 

13. Stationary Dolt and Rmmeter for laboratoni use, toith coli suspended by a narrow strip 
(no. 550). Potentials and currents are measured almost concurrently, the Instrument bdng prontded 
mith three ranges and means for rapid dunging, the mooable System can be securely cUmped for 
transport. Tig. 5. 
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14. ReflecHng 6atoanometer, readiln conoertible into a ballisHc inshrument (Ho. 535a) by alter- 
ing the momenhim of inertia. the mooable coü contains hoo toindings, one of high, the oHier of 
low restsUnce, one of the coils being short-circuited or closed by a rheostat so as to render the degree 
of damping adjustable. the sensitioeness is tinm = 9xt0-i* amp^es at a scale-distance of tm. 



V4 füll size 
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15. F. Kohlrausch*s ReflecHng eiectro-di|namometer for lOeak Currents cno. 5t$). 

the current enters the mooable coil by the thin Suspension loire and leanes by a platinum nane im- 
mersed in dilute sulphuric acid and semtng as a damper. Ihe instrument is sufficientlii sensitioe to 
demonstrate telephone currents. 
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16. Pointer Oectro-dtjnamometer for Cargtr Currtnts (no. 53 t). n sUHonary obUqueiti mounted 

sotenoid is made to act upoti a mcmable fiair of flat coils, thc shape of tohtdi is sudi (hat one cotl 
moüts toioards the strengest the other toioards the wtäkesk field. the s^s\cm is asUHc and fumishes 
an almost uniform scalf. Self-inducHon is atranely slight and (here is scarcely ant| muhtal induc- 
Hon behofen the fUred and monable coils, the instrument is therefore anailable for altemating circuits 
toith considerable phase displacement. the instrument has an almost perfectty aperiodic pneumatic 
damping denice. ng. 6. 

17. Direct-reading lOathnetfr for ConHnuous and RUemaKna Currtnts (no.eto), weil 
damped, uiith almost uniform scale and constructed after the same principle as the preceding instru- 
ment. Ihe stationary coil is wound for currents up to t,000 

ampäres, and the instrument is rendered anailable for the 
highest potentials by circuit resistances. It can also be used 
uitth three-phase currents with uniformly loaded and uniformly 
displaced pnases. 

Hot Uire Dolt and Rmp^remeters. the slightelong- 
ation artsing in a short measuring wire of platinum siloer 
alloy u)hen current is passed through it, is transmitted to the 
potnter aile through a uiire attadied at one end to the mea- 
suring wire and taken round a pulleif mounted on the pointer 
arbor, the other end of this toire bemg held in tension by a 
spring. Means are prooided to regulate the tension of the mea- 
suring wire and to compensate ror eitemal temperature nari- 
ations. tn Rmmeters the current is made to enter tfie measur- 
ing wtre at seoeral points by means of fleiible siloer strips 
so as to reduce the loss of potential as far as possible. the 
mooements of the pointer are aperiodic. the measurina uiire 
will carry three times the marimum current for whidi the in- 
strument is calibrated without damage. These Instruments 
possess the adoantage of being directly anailable for both 
continuous and altemating currents and are made either in 
the form of ordinary tedinical measuring Instruments or as 
portable control Instruments or self-recorders. Rbout 20,000 
of these Instruments are in practical use. Pig. T. 

18. Portable Dead-beat Hot Wrt Rmpä^emetfr 

(no. $00 al, with measuring ranges uiithin 0.3 to 20,000 amp^es 
«ith safety fuse aaainst ooerloading. R special arrangement 
is pronided for making the interoals almosr perfectly uniform. 

19. Stationary Hot lOtre Rmpä^emetfr (no. 59s), 

uiith transformers, the Saturation of whidi protects the toire 
from fusion due to onerheating. this instrument is eiclusioely 
aoaitable for altemating currents, those of high potentials in 

ßarticular (suitable Shunt resistances are supplied for con- 
nuous currents). 

ttie same principle has been applied to the construction of 
Voltmeters for ranges from t to 30,000 oolts, also with trans- 
formers in lieu of circuit resistances. 

20. Portable Controlling Doltmeters (no.eoob). ror 

Potentials up to 200 oolts, aoailable for narious ranges by 
subdtvision of the circuit resistance. the heating wire is pro- 
tected by a fitse of accurately adjustable resistance. 

Self-recording Instruments, the diagrams are traced in rectangular Cartesian coordinates with 
the aid of Systems producing rectilinear mooements or by the conoersion of rotary into a reciprocating 
rectilinear mooemenr. 

2t. etectro-maanetic Combined Dolt and Rmmeter (no. 539), on the pHncipie of Kohi- 

rausch's spring-galoanometer. these inshitments are supplied for either purpose alone or as double 
Dolt or Rmmeter recorder for use in Hiree wire circuits. the ammeters are also made with a durging 
time recorder for accumulators. Tig. S. 
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22. Coad Indicator for RUtrnating Currtnts, conshructed on the principle of Ferraris's 
roUtoni neld. 

23. Kohlrausch*S RoUrr Vlttrt Bridge (no.3S9). Ihe resisUnce of the meh-e totre, lohitfi 
has a length of 3 m, can be raised to tts tenfold resistance by tneatts of hoo Shunts eadi haoing 4 Vi 
Hmes thc reststance of Htf toire and aoailable for shunting on dther or both sides. Ihe Shunts sup 
plted uitth the apparahis ranae from t to tO,000 ohms, the higher ones being uiound bt| Chaperon s 
method. the bridge is princTpallii adapted for the measurement of electrolyres. Tig. $, 

24. Sliding Contact Bridae ino.40Te). SUdina resistances, whidi were formerlii efclusineli| used 
as regutating resistances, haue flrst been applied bt| Hartmann k Braun for the purposes of measure- 
ments. Tlaturallti, the medianical parts hane been correspondinglu improoed witn a niew to obniate 
transition resistances. this type is rar more conoenient and quidier m use than the plug contact pattem. 



Tcleph. 
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25. nippoldt's telephone Bridae ino.452) for ascertaining the ground pUte resistance of light- 
ning conductors and telegraph earth conductors with the aid of altemating currents, fitted with arrange- 
ment for measuring uiim earth contact borers bu I9iechert's method. the measuring apparahts is 
connected directly to a flat cased telephone, tohidi can be put out of circuit so as to measure the re- 
sistances of inductioe circuits uiith the aid of a small galoanometer. 

26. thomson*S Double Bridge (no.SOSa), conoeniently arranged for direct reading of re- 
sistances of 0.0000 1 to T Ohms. 

2T. Ohmmeters (no. 6t4) for direct reading of resistances independentlii of the strength of the 
measuring battery and the influence of terrestrial magnetism. the entire scale can be made aoailable 
for any ränge up to t megohm and for any internal. 

the inshitment is also ei h^emelii conuenient for temperature measuring from a distance. Resistance 
thermometers for use in conjunction uiith this inshiiment are adapted for any required purposc. 
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2t. Kohlrausch's Untotrsal Vlttrt Bridge (no.3SS) for measurmg soUd and elcch-oltiHc 
rcsisUnces by means of a galoanometer or (elephone, readino direct from 0.0t \o 1 0,000 ohms. the 
gatoanometer in conjuncHon with outside resistances or shunrs is also anailable for measuring poten- 
tiats and currcnts, and has in this particular instrument three ranges. 

29. PotttlKomettr toith SUding Contacts. this tvpe enables a quidi and easy baUnce (o be 
obtainfd behoeen the ends of ttie circuit by tuming ttie stoitdi Itoer, and ttie results are directty read 
ofT for all ranges. Ute apparatus contains as a special feature tioo circular sets of resistances lotiidi 
bv tumina a handle can be placed toith the beginning and end of eadi set at any point of the circuit 
toithout altering the aggregate resistance. 




Pig.lO. 

30. Cotnplete Sets of Instruments for determtning the capacity of cables by means of Standard 
nica condensers and modified Sabine keus, on marble slab toith all necessary connections, mounted 
m ebonite pillars. Ihis outfit tooether with the apparatus necessaru for testing insulations, is either 
nounted for stationary use in laboratories or fitted up in cable testing cars equipped with all desir- 
ible conoeniences. 

thcsc outnts are aempURed bt| illustrations. 

31. Rpparatus for e^amining the Qualitu of Iron with respect to their magnehc properHes 
i| means of a bismuth spiral (no. 560 a), consistmo of an electromagnet fitted with double yoke the 
lagneHsina coil of whidi takes the hrial bar and Bismuth spiral, a mehre bridge with galuanometer 
ir determtning the resistance of the latter, a temperature compensator and an ampäremeter to ascertain 
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Hie shreitaHi of the fleld. 
of the melre 1 



the Scale 
: bridgf gioes dired read- 
ings of the number of the Unes of 
force. 

32. Ccnard*sBismuth Spiral 
(no. 504) for ascertaining the Inten- 
sitv of a magnetic field bv measurina 
the Variation in resistance of the spiral, 
lohidi undergoes aoerage dunges of 
5 per Cent per 1.000 Unes of force. 

33. H.DuBois'sCarge Half- 
ring Clectromagnct. The magnet 
arms are made to slide apart and U> 
tum with respect to eadi other. the 
pole ends are plerced and filled loith 
qilindrical and conical caps «ith 
bauonet joints, for optical erperiments. 
eadi arm is fltted with rour coils 
hauing an aogregate number of 2,500 
tums shunting on to oarious sources. 
T2 nolts and 20 amp^res iiield a mag- 
netic neld of 35,000 C6.S. loith an 
interferric t mm lono and haolng a 
section of 32qmm. Tig.tO. 

34. H. Du Bois'sStnaU Half- 
ring Clectromagnct. simiur in 

construction to the larger magnet. the 
uihole can be tilted 90^ so as to place 
the polar avis of the interferric space 
in a nertical direction. the attainable 
magnetic field is 20,000 C. 6. S. 

35. Carae Reading tttcscope 
for magnetic and electric reflecting 
Instruments (Ho. 351), absolutehi free 
from iron, with fine adlustmcnt in 
aiimuth and altitude. the telescope 
hasconsiderable Ught-gathering power 
and is fitted mith a eun|scopic micro- 
meter-eiiepiece. the scale carrier can 
be raised and lowered; in addition, 
the entire Instrument can be nunxd 
up and down bu a radi and pinion 
attadied to the foot. rig.tt. 

36. Small Reading telescope 
uiith simple medianism for accurate 
adjustment mith respect to ttie mtrror 
(Ho. 350). 

3T. Scale £antem witti eiectnc 

incandescent Rlament for projecting 
the defiections of reflecting galoano- 
meters upon opaque or transparent 
scales, fitted mtth connenient adjust- 
ments (Ho. 362 b). 

3$. 6auss*S Stand for Instruments with three oak feet weighted with lead and a light 
stage whidi can be raised or lowered and clamped (no.349a). 

39. Scales for Mirror Readings, in lengths of 40 to t40cm (nos. 360 and JSl), made of crystal- 
Qlass, milk-glass, wood conered mith paper or transparent celluloid. HU scales are accuratelii gradtiaied 
on the diniding engine. the milk-glass scales haue prooed particularly suitable for telescope readings. 
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2. Kciser Ä Sdimidt, Berlin, 20 johannUsir. 

t. ItldUCKon Cott gioing a spark of 50 cm. In making this coli, parHcular attention is paid to 
pafed insttlation of ttie primaria and secondani coils, and also to the proper adaptation of the apparatus 
if required for use loith contact-breakers of nen| high frequency. 

the contact-breakers, nii. l9aQner's hammer, Deprex's contact-breaker and mercuni balance, are 
fitted to a sltde so as to render them interdungeable. 

the condenser consists of three dinisions and its capadtv can be regulated by a leoer to 2, 4 or 
i mlaofarads. 

2. CondtnSfrs. Bh the use of diemicalln pure paper and a special insulating mass these condensers 
are made nearln as constant as those of mia plates. Bt| means of plug connections the capacitv an 
be naried front t to 2, 3» 5» tO microfarads and abooe. 

3. Oolhneter, to 5 uolts, reading to 0.5 nolt. 

4. Oolhnetfr for class demonshratUms, to tO oolts, reading to 0.5 uolt with pointer uisible 
from both sides. 

5. Rmp^etntter» to 20 ampäres, reading 0.5 ampäre. 

6. Htnp^nnetfr for class demonstration, to tO ampäres, reading to 0.5 amptrt with pointer 
otsible front both sides. 

T. mUltOOlhtlfttr» likewise anailable as a pyrometric galnanometer for measurittg tem- 
peratures of to 1,600^ C. 6ennan patent Tlo. 99,2T4. this galuanonteter is of the Deprei-d'Rrsonual 
(^pe, ttie Suspension of the sustem being patented. the Inder pUms 00er tioo scales, one of whidi 
indicates the t. FI. F. in millhiolt, so as to facilitate the control of me readings fumished bt| the in- 
shiiment white the other reads directly degrees of temperature. the thermo-electric couple consists 
of two wires of pure platinum and an alloy of platinum and tO per cent rhodium fused together at 
one end. 

the CFLF. of the thermo-elechic couple at t,600^C is about 16 millinolt. 

8. Sensitit^f mUtoolhtlctfr» anailable as a galnanometer for measuring low tem- 
peratures as far as — 240*C. in connection with £inde evperiments. the galuanonteter is of the same 
nipe as the preceditig inshrument, but the mouable System is suspended by a thin toire. the couple 
consists of h^on and constantan wire uielding, at a temperature of -240"* C, an 6. FI. T. of about 
9 millinolt. 

9. Prof. H. Rubens's thermopile, consisting of 20 couples of iron and constantan wire O.t mm 
thidL the pile has an 6. FIT. of t,000 microuolt per f* C 

to. Precision Resistance Bor totth Plug Connection, arter the pattems of the imperial 

Physical and tedinial Institute, the bobbins are loound with cooered manganine toire. 

tt. Plug Resistance Bor in Decades. eadt decade consists of to equal resistances whidt are 
put into Circuit bt| a Single plug so as to anoid intermediate plug resistances as in serial resistance 
ooyes. 

12. Bridge Shunt Bor wlth two arms of t, to, tOO and t,000 ohms eadt, whidt can at pleasure 
be interdtanged by two plugs. 

13. Decade SUding Resistance Bor from designs of the eerman telegraph Seroice, Cirperimental 
Department. 

14. T)9heatstone Bridge uiith Plug Connections, consisHng of a resistance boi of o.t to 
1000 Ohms, two Shunts of t, 10, tOO and 1,000 ohms, in eadt and a double keu. the Shunt can, at 
pleasure« be put into circuit toith either bridge arm. the double key is for the purpose of puttittg 
the batteni and galoanometer into circuit. 

15. T)9heatstone Bridge of Decades, comprising resistances of tOxO.t, t, to, tOO and t,000 Ohms 
and two Shunts of t, tO, tOO atul t,000 ohms eadt. £adt decade has one plug only. 

16. lOheatstone Bridge uiith Sliding Resistance Bor and Sliding Contacts, with two 
Shunts of to, tOO and t,000 ohms eadt and Aue decades, in accordance with the requirements of the 
6erman telegraph Sen)ice, 6rperimental Department. 
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IT. Standard Resistance CoitS as adopted by Hie tmperUl Physical and tedinical InsNhite. these 
resisUnces are enclosed in perforated metal cases and suspended in peh-oleum baths either för accuratehi 
ascertaining their temperahire or for rapidlv carrying oflT the heat generated by the current. 

18. Clark Standard Cell, with thermometer in metal case, as used at the Imperial Physical and 
tedinical Institute, the Standard 6.FI.T. of the cell at a temperature f and loithin the interoal of to 
to 7^0. is t.433 UOlt -0.0013 (t-t5) uolt. 

19. Prof. Feussner*S Compensating RpparatUS. this apparatus is for measuring Potential 
diflTerences betioeen 0.0 t and 1,000 uolts and, loith the aid of Standard resistances, also currents be- 
tioeen O.OOt and t,000 ampä^es loith a degree of accuraqi loithin O.t per cent. 

this apparatus is made in tioo forms, uii. a small model haning a Ryed resistance of 90,050 ohms 
and a large model haoing resistances of t to 200,000 ohms. 

20. trough Balten) toith Padiijtrope. 

21. Dry Celts. these cells hane been loorked continuouslii for IST days by the Imperial Phi|sical 
and tedinical Institute and haoe been certified to yield, in conjunction with an eytemal resistance of 
20 ohms, 166.6 amp^e hours at a mean P.D. of 0.T4 nolt, i.e., 123 uiatt hours. 

ememememememcmcmcmcmcmcmcmemcmcmcmemememcmcmemememimem 

3. 6. riöhden, Berlin, t/s Reichstagsufer, 
nedianician to the Phijsical Institute of the Unit^ersittj. 

PaalzotO-Rubens's Dl|namo-bolometer for measuring electrical oscillations of Short perio- 
dicitv. this apparatus has been employed bu Prof. Rubens to inoestigate the influence of parallel 
wire gratings upon elech^ic oscillations, as loell as the distribution of the energy in electricallv oscil- 
lating uiires. 

the eyhibit is the propertv of the Physical Institute of the Unioersity of Berlin. 



4. Wilhelm Siedentopf, Würzburg. 

Fledianician to the Rotjal Unit^ersittj of lOürzburg. 
Naher of Phtjsical and Phtjsiological Instruments of Precision. 

(See also Section Vg.) 



7, füll siie. 




Prof. Dr. Mar Viitn*s 

RpparatUS for Darying Seif- 

induction. 

this apparatus, as shoum in the ilhistra- 

tion, IS fully described in Uiedemann's 

Rnn.ST. p.249. tS96. 



Prof. Dr. Mar Dten's 

Unit Coils of Self-inducHotu 

these coils are shoion at the rigtit and 
left of the Illustration, and are described 
in I9iedemann*s Rnn. 5S. p. S59. I6f$. 
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5. Siemens & Halske Limited, Berlin. 

(See also Sectlons IV, Va and Vit.) 

t. Standard Resistances of mangantne toUh 
braied copper arcs for connecHon, in hoo siies, with 
protecHng uessel serning at thf samt Hme as a re- 
ctpfacle Tor (he petroleum used for mainUining a 
constant trmperahire. 

rhesf resistances are s(andardi2ed accurately loith- 
in ViMoo of their oalues and may, if required, be 
tcstfd and certified by the Imperial Phusical and 
ledinical tnsHhite. the thermal coefftcienf ts beloto 
0.00002 per l* C. 

a. Small pattern: O.OOt, O.Ot, O.t, t, to. 
1 00, t ,000, 1 0,000 Ohms. Tig. t . 

b. targe pattern, in petroleum bath toith 
turblne and toater coolmg spiral, for poioer- 
ful currents: O.OOt, 0.000t ohms. 




Tig. t. 



Tig, 2. 



2. CotnptnsaKna RpparahtS for uen^ eract measurements of potential and current atttr the 
compensating method of Poggendorff and Dubois-Reymond. Tig. 3. 

the uoltaae can be measured loithin timits of 0.0000 t to toolt and t to t,500oolts by comparison 
toith the £.1h.T. of an encased Standard cadmium cell requiring no temperature correction. Rny other 
Standard cell, e. g. a Clark cell, mai| be used, if the proper correction be made for temperature. 

the current is measured indirectly bt| determining tne P. D. at the terminals of one or the Standard 
resistances specified under Tlo. t. 




Tig. 3. 
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Rcccssorics:— 

t Stiding contact resistance, accuratelii adjusted. Rggregate restsUnce t60,000 ohms. TigM. 

t Depre2-d*Rrsonoal reflecHng galuanome(er, toith fiyed magnets and suspoided nuraablc 
coil, haoing a resisUnce of t,000 ohms. Tigs. 5 and t4. 

t Dertical rcading scale for (he reflecHng oatuanometer, loith incandesccnt lamp. \ht 
Image of the siit being oistble on a horUontal scale. f he scale is mounted along the toall immediaMy 
aboue the measurin^ tnshitment and the tohole, being arranged in a compact form, can be conh^olUd 
toith great ease. Tig. 5. 




Pig.4. 





Fi8.$. 




Pig. 6. 



Tig.T. 
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3. Kohlrausch*S Plug Resistance Bcmt. Aggregate resisUnce 20,000 Ohms, compact ar- 
ratMement, in steps hrom O.l to 10,000 ohms, loith closed plug series, absolutely free hrom induction 
andapaciti|. rig.6. 

the resistances abooe 200 ohms are 
iDound after Chaperon's method. their 
accuraqi Is loithin Vmo o^ (He spedfied 
oalue. Uith the aid orinRnitv plugs cer- 
tain sets of resistances can be disconnected 
and ttsed in separate circuits. 

4. 6raphite Resistance of too mii- 
Uon Ohms, not accurately adjusted, free 
from induction and capacit^. the entire 
rtsistance is diuided into 5 sections of about 
10 to 50 million ohms arranged on a spiral 
groooe cut into an ebonite cylinder loith 
brass ennelope. Tig. T. 

5. SUdin^ Contact Resistance, ac- 
Guratelii adjusted for Uboratory work 
loith toeak currents, fitted toith ebonite 
cooer. Rggregate resistance 10,000 ohms, 
loith 5 cranks for 5 diuisions of OxO.t, 9xt, 
9x10, 9x100, 9x1,000 ohms. Cadi of the 
cranks is put in Circuit by copper spirals 
so as to render them independent of the „ 
hransition resistances at the ai is. Tig. S. pig 3 

6. Stiding Contact Resistance 
not accurately adjusted, for 
toeak currents, loith loooden cooer. 
Rggregate resistance 100,000 ohms, 
wlth 4 cranks for 4 sections of 9x10, 
9x100, 9x1,000, 9x10,000 ohms and 
a nfth crank for a toire of 10 ohms 
for resistances under 10 ohms. Tig. 9. 

T. Rdjustable Resistances 
for powerful low potential 
currents for laboratoru and stan- 
dardiiing purposes, with automatic 
uiater cooler; consisting of 5 manga- 
nine tube resistances of 0.006, 0.013, 
0.04, O.OS, 10 ohms for currents up 
to 3,000, 3,000, 500, 300 and 30 am- 
p^es. the indioidual resistances 
can, loith the aid of couplings, be 
joined up in series or put out of 
Circuit, or adjusted to any desired 
degree by sliding contacts. Tig. 10. 

$. nica Condenser of i micro- 
farad, in mahogany boy fitted uiith 
ebonite cooer, for laboratory mea- 
surements and aoailable as a com- 
parison Standard, in 4 sections of 
0.1 to 0.5 microfarad. Tig. 1 1. 
9. Paper Condenser in mahogany boy Rtted toith ebonite couer, for tedinical purposes (tele- 
graphii, kc) of about 20 microfarads. tn 3 sections, from 5 to 10 microfarads. 

10. Itiomson's £lectro-statiC Doltmeter, for measudng high potenNal conHnuous and alter- 
nating currents and aoailable for tesNng the insulation of conductors arrying a high noltage. In 




Tig. 9. 
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mcUl htm for Screening off eitemal sUHc influences. Ihe instrument is absolutelii independent of Hie 
periodidtv ^n^ has a double ränge of t,000 to 5,000 and 2,000 \o tO,000 noUs. rig.t). 

Tor still higher tioUages the inshiiment is supplied loiHt 
porcelain shunHng condensers. 

tt. Rstatic ReflecHng 6att)anotneter, auaiubie as a 
cable detector aaluanometer, fiHtd toith bell-magnets, 
plane mirror, needle arrester, tioo directing magnets adhist- 
able bt| toothed toheels and four interdungeable coils of 
copper loire; mounted on brass tripod. the resistance is 
about 16,000 Ohms. rig.t3. 

the galnanometer tube is fitted toith an adiustable com- 
pensator for diminishing the disturbances in tne earth field. 

12. Deprez-d'Rrsont^al ReflecHng 6atoano- 

metfr loith fUred needles and mooable coli gining a pro- 
portional deflection and a deflnite 2ero point. this Instru- 
ment is a oery sensitioe current gauge, t mm of deflection 
at t m from the scale being = S.5x to-i^ amp^es. the System 
carruing the mouable coli is interdungeable toith anothr 
of high Potential sensitiueness, t mm of deflection at a 
distance from the scale of t m reading 3x to~* uolts. Tigs. 14 
and 15. 

Rccessory:-^ t Rdjustable magnetic Shunt for di- 
minishing the sensitiueness by about 40 per cent. 

13. Du Bois and Rubens*s Double CoU 
Sphericat Iron-ctad 6atoanometfr, with two concentric 
spherical Shells and a cylindrical Shell seroiim as a trans- 

porting case, including a heaot| and a light system of deflection magnets, two pairs of^intemal and 
hoo ertemal directing magnets, tu)0 coils of 2,000 ohms eadi, together uiith two eitra coils of 5 and 
100 Ohms respectioely, and all other accessories. Tig. 16. 




Fig. 10. 





Tig.n. 



Pig.12. 



14. Du Bois and Rubens's Four CoU Rstatic Iron-clad 6atnanometfr, wtth tuo 
concentric cylindrical Shells, one of tohidi is oertically monable, together uiith a liaht and a Kam) 
magnetic shell, four atemal directing magnets and four coils of 3,000 ohms eadi in eoonite cases, to- 
gether uiith four eytra coils of tOO and 5 ohms respectioely, and all other accessories. Tig. IT. 

15. Precision NUU-noU and Rmpä'emeter» haoing a resistance of t ohm, for continuous cur- 
rents, uiith absolutely proportional scale of 150 diuisions. the Instrument is nearly aperiodic and fitted 
with a toell balanced monable System. Tig. ts. 
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Tig.lT. 



Pi9.l6. 



Nctemlcs md OpHci. 
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Ihe mfasuritig capadhi of Hiis inshrument loiMumt resisUnce or Shunts erteitds from to O.tS ooU 
and to 0.t5 amptrt, 

Rccessories: t Resistance coli of manganlne of 9, 99 and 999 ohms for measurina potenHals 
of XX t5 and t50 oolts. Fig. t9. 

t Resistance coil of manoanine of 9, 99, 999, 4999 ohms for measuring Po- 
tentials not aceeding 150 noits. 

t Shunt of manganlne of t/iohm for currents not efceeding t.5ampäre. Fig.)9. 

1 ' - - 7m - - - 15 ampäres. 

1 ' - - - Vttt 150 



1 



500 





Pig.is. 



Tig. 20. 





Tig.l9. 



Pig.Ji. 



16. Precision Dott and Rmpä^etneter with sii ranges, for conHnuous currents in Ubora- 
tories, similar to no.15. tt measures within the followina limits:-'0.t5, 1.5 and 15 ampäres and 5, 
15 and 150 nolts. Ihe plug supplied with the instrument Jtrst closes the circuit, but requires deqier 
Insertion before the currenr passes through the instrument. Tig. 21. 

Rccessort|:^l Shunt of manganine for currents not eiceeding 150ampäres, in a protecting 
case, whidi can be slid under the instrument. 

IT. Precision Dolhnetfr, a Uboratory inshrument with three ranges up to 15, 150 and T50 oolts» 
respectinely, for continuous currents. Similar to Ro. 15. Tig. 22. 

1$. DepreZ'd'Rrsonnal Pointfr 6atoanometer, in a compact form with stop and mmabie 
Scale so as to place the xero point accurately below the pointer, anailable as a sensitioe bridge gatoano- 
scope, a detector, kc. Vts resistance is about 120 ohms and its sensitiueness amounts to about t.5 xtO'* 
amp^es per diuision. Tig. 29. 
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19. Depre2'd*Arsontial Pockrt TioW and Amp^ftneter ror o to tso ootts and o to to am- 

peres, loiHi four terminals and a key for putHng thc instrument into circuU, tohilst the Shunt remahts 
permanenUti in thc Circuit Simiiar to Ti(. )3. 





Ti9.2J. 



Ti9.J5. 



30. Deprez-d'Rrsonoal Podlrt Rmp^ftneter, simiiar to no.ts, adaptod for currents up 
to 50 amp^es. With cncascd Shunt for currents not ciceeding tO amp^es, separate Shunt for currents 
abooe tO Rmp^es. 

2t. Depre2'd*Rrsontial Podlrt Oolhneter, simiiar to no. 19, with doubU ränge from to s 
and to l$0 nolts, for testing telegraph currents, cells, accumulators, &c. 

23. Untoersal Current and P. D. Recorder, consisHng of a oerv eiact milltoolt and amp^- 
metrr (see no. 1$) witti uniformly dioided scale and an electricallv drinen recorder, tracing everv 3 seconds 
Hie Position of the pointer upon a strip of paper 
adoancing at the rate of 240 mm per nour. the 



aofiaratus mai| be drioen bi| the main current 
tr continuous and if the oscillations do not 



succeed zk:\o percent, othenoise four Hei le- 
sen dr^ cells, tope no.t, should be used tor 
this purpose. T{g.)4. 





Tig.24. 



Ttg.2$. 



If 
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39. RcfltcHng Occho-dtinamometer f&r locak currcnts witti hoo shiHoiiaiii coils and a spturial 
mooable coil toittiout metal rrame and AHed toitti pneunuHc dampcr. the prtncipal parts of Hic Instru- 
ment are cntirely free from metal and are made of insulaling material; ttie inshrumcnt is thcrefiMre 
free from ToucauU currents. Tig. 2$. 

34. lorsion Clecho-dunamoitlfter, or poioer meter, for conHnuotts, altemaHng and rotary cur- 
rents, perfecHv free from ToucauU currents, adapted for about I notts with hoo ranges of to $0 
and ro too ampä^es. Tig. 21. 

Rccessory: t Resistance coil free from tnductionioith 
seoeral sections for currents not erceeding 200 notts. Tig. 2T. 



^ 









Tig. 36. 



Tig. JT. 



Tig. n. 



35. Rstatic Torsion CltCtro-dynatnometer for measurlng the potentials of conHnuous 
and altemating currents of any pcriodicity and form of curoe; anailable for two ranges of no to seo. 
and 240 to T20 nolts. Tig. 26. 




Tig. 29. 
36. Predsion Dolhneter for ConHnuous and RUemating Currents, a direct reading eiectro- 

dynamic laboratoni Instrument with pneumatic damping and aperiodic adjustment, with two ranges 
up to T$ and t$0 nolts. ttie Instrument Is eiact witnin O.t per cent of ins nominal nalue and does 
not require any temperature correction. Its eicellent insulatlon ofTers complete protection from ttie rlshs 
of higti tension currents. Tig. 29. 
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2T. lOathneter, a dirtct reading laboratoni instntment fmr measuring the power of continuous, 
allenuHng and rolaxu currents, toith eicellent pneumaHc dampino and aperiodic adhtshnent free from 
TottcauU currents, toUh hoo ranges for t2.$ and 2$ amp^es. the high power cotl is so adjusted as 
\o render Hie scale perfecHy proportional and almost entirely eliminate the mutual inductine induence 
of the tioo coils in anu position. the degree of eiactness is toithin O.t per cent of the indications. 
Tig. 50. 




Tig.:30. 

3S. Utltoersal Resistance BOf, inmahogany boi toith ebonite top, formeasurementsbyfOheat- 
stone*s bridge, consisting of plug resistances of t0,000 ohms in sections of O.t to (,000 ohms and tioo 
Shunts of t, to, tOO, tOOO ohms, eadi, whidi mau be connected by an inflnity plug and bu a resistance 
ptuQ of to Ohms, the resistance coils are bifllarlti wound on metat and are perfectli^ free from in- 
ducfion, and are constant. Tig. 3t. 




Tig. 31. 

29. Rpparatus for measurino resistatices on mahogany board, compact and portable, for mea- 
suring wltnout polariiation within the limits of O.Ot to t,000,000 ohms, for determining faults. Tig. 32. 

30. leleptlOtl Bridge for testing lightning conductors, consisHng of a Uheatstone bridge, through 
whUh is passed the continuous current of two dru cells rendered intermittent bu means of a contact 
whetl the bridge together with a sliding contact, the contact wheel and two dry cells are fltted in 
a case loith Shoulder strap. Tig. 33. R comparison resistance coil of tO ohms and the telephone are 
placed in a separate leather case. 
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719.32. 

9t. Rpparahts for Comparing Standard Resistances loim me aid of a Whtäistont or 
Ihomsoti bridge, consisHng of three petrolntm baths stparafed by air strata, mercury cups for con- 
necHtig the comparison resistances and Shunts, a connecNng raü and hoo htrbtnes for agitating the 
Petroleum worked by an electromotor (see Tlo. 9T). Tig. 94. 

Rccessories:-'2 Resistance boies of 2xtO ohms together with an interpolating resistance 
of 0.0t Ohm t^ig. 2), and 2 Standard resistances of to ohms (see no.t). 




Tig 99. 
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Ti9.34. 

92. Rraarahis for Neasuritm ttie InsulaHon and the Capacilu, compacHv arranged on a 



the insttUHon of Hie cable is conoenienWy established in ohms by standardtittio (he reflecHna 
gahNmomder for resistonce in connecHon toith a Shunt and a comparison resistance or 2x5 ooo ohms 
moimled upon Hie board. 




Tig. 35. 
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33. PrecisiOtl Untoersal 6atoanometer, compact and portable, rormeasurlng currftits, Potentials, 
resistances and insulation, toithout restriction, toith a degree of eiactness suTRcing for most tedinical 
and scientific purposes. Tig. 31. ttie diagrams mostlu required for certain measurements are inscribed 
upon Hie cap of the instrument (as may be seen in Ttg. 3T]. ttie apparatus is aoaitable for dirnt 
readinos up to 0.t$ amph'e. targer currents are measured toith the atd of directly adaptable Shunts 
in conjuncrion toith the one-ohm miUi-oolt and amph'emeter. P. D. measurements can be made up to 
t$0 oolts, and resistances from 0.09 to about 30,000 ohms can be measured with the aid of a circuUr 
measuring wire by the U h e a t s t o n e bridge. lOith the aid of a battery of U oolts insulating resistances 
can be measured up to 1,000,000 ohms. 





Tig. 36. 



Tig. 3T. 



34. Du Bois' Magnetic Precision Balance for testing the magnetlc properHes of materials, 
with Standard gattges for round and square rods, with spherical dieeks and all other necessary accessories. 
Tig. 36. the solenoids are placed directly round the rods and sheets whidi are subjected to the test 




Tig. 3S. 

whilst a stout cross beam of cast steel of considerable permeability forms a dissymmetrial balance 
lohidi is kept in equiUbrium in Opposition to the magnetic attraction produced by the magnetiiation 
of the lohole sustem by means of a sliding weight. the magnitude or the displacement semcs as a 
measure of the induction produced. 
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35. K5p sei'S Rpparahts for tesHtig the Nagnetic ProperKes of Troti and Steel in 
rods and sheet tntndles or a gincn siie, consisnng of the magnetiitng apparahts toiHi dial gining direct 
readings of the magnetic induction per t sq^cm, a one-crank resistance bor, a three-crank resistance binr 
and three HeUesen dry cells, type 2, all mounted on one board. Tig. 39. 

the magnetUtng current ts suppUed and measured bu a 4 nolt accumuUtor and a predsion milli- 
Dolt and ampä^emeter haotng a resistance of t ohm (see no.t}). 




tig. 39. 

36. Carge Reading telescope for reflecting galnanometers, on tripod, totth tioo reading deoices 
for incandescent and gas light, nerticallu adjustable along the telescope stand, the telescope is fltted 
toith radi and pinton and magntnes 30 times. Tigs. 40 and 4t. 





Tig. 40. 



Tig. 41. 



3T. Stnall Clechomotor for Uboratoni purposes, drining influence madiines, rotating mirrors, 
stirring and shaking apparatus, 9tc„ adapted to toork toith any desired noltage. Tig. 42. 




Tig. 42. 
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6. Heinr Stifberitz (Otto Brunn Tladif.), Dresden. 

t. Hallioachs* Rperiodic and TUm-magncHc Quadrant Qcchrometer. the measuriBt 
force Is supplied bv thc torsion of a Ane pUHnum loire (Vm nm HUdil, iDhUh Is »ccUllti prcpartd 
so as to be free front etasHc faHgue. Damping Is efTecM by pneumanc fricHoit Xhc apparahis can 
be adjttsted toith great predsion toith Hie aui of nttmerous orientaHng apptianccs. 

6reatest sensihoeness: toith ^'Doppelsdulhtna** (needle and one pair of onadranls together) 
(0 oolts per (00 dioisions of ttie scale; toim ''Quadrantsdulhtng** (usual arrangemem) t ooll per ISO di- 
olsions of ttie scale, the latter being 2 m distant. 

2. Ihomas's Curoe-tracer for RUemating Currents. ihis apparatus u designed for de- 
numstrating the phenomena in altemating drcuits. tt consists of a drum loitn sensitiied paper and drinen 
bv the spindle of a syndironic motor, upon lohidi the liaht of an arc-lamp fed bi| a contlniiotis current 
Is made to fall through a condensing lens so as to rrace upon the paper a cume representing the 
mean of 100 notations tahen toithin tioo seconds at tOO renersals per second. 

By sultably shunting the apparatus for different circuits, the same diagram may be employed fdr 
tracing current and ooltaae curoes of monophase and polyphase currents, also fmr ascertalning the in- 
Auence of capadty and selP-induction upon the form of the current curoe and fbr determlning by singtc 
measurement the cosine of the phase displacement, *c. 

9. Stöckhardt's Tnstniment fdr Detmnining ttie Periodidh) of Clechic Currents. 
Ihis inshitment consists of a tunino forh loith mooable weiohts Atted to the brandics and a coü 
between their ends adjustabte for a tone maiimttm by simpty tumino a milled head. the instntment 
is adapted for 100 oolts and SO to 100 reocrsals per second. the rcadmgs nt taken direct from a scale 
along the course of the weights. the Instrument is put into drcuit Uke a ooltmeter and is adapted 
Anr normal plants. 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaikaa 

1. Otto TlOolff, Berlin S.W., t4 Alarandnnenstr. 

t. three Standard Resistance CoUs, neu pattem, of o.oi. o.oot, 0.000 1 ohm. Viüs pattem 
posussis 00er the other fbrms the adoantage that the main and Shunt terminals consisl of one 
solid piece of copper into whidi the ends of the reslstance strtps are braied, whereas wtth Nie older 




pattems the copper and the resistance strip ends brai ed thereto had to be soldered both to Mie main 
terminals and the Shunt clamps, the presence of the ebonite coner rendering brafing impossible. See 
Zdtsdir. f. Instrumentenk. ts. p.l9. U9S. 
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i. Petroleum-bath for Standard ResistatICCS. Rn accessoni tat use lottti the Standard rcsis- 
tances lohtn mcasuring ntrrents. R htrbine causcs Hie petroleum, tohidi is heafed tn| the passage 
of Hic oirrent, to floui round an annular nessel kqit cool fn| Hie circulaHon of cold loater and rheremi 
cools Hie resistances. 

9. Idheatstone Bridge lotth Plug ConntcHotu ihe bHdge conratns nve patrs or rarios o( 

1,000, tlO, to, t, O.t Ohms and a set of resistances of $0,000 to O.t ohm, ttt,ttl ohms in the aogregate, 
md is ntted loiHi sfout Terminals for Hie resistances under efaminaHon and also loiHi balteni and 
oaluanometer key for permanent and inslanlaneous connecHon. Uhen not in use. Hie apparahis is pro- 
rected from dust and lighl ln| a closely AHing wooden concr. Rs the terminals projecr from Hie sides 
of Hie bridge the coner can be placed ooer Hie bridge loiHioul remoning Hie loire connecHons. 

4. Idheatstone Bridge lOith SUding ContactS. this bridge conlains four pairs of raHos 
of 10,000, 1,000, 100, 10 Ohms loiHi plug connecnon and Hiree interpolaHna resistances of l, O.t, O.Ol ohm, 
vhidi, bi| means of plugs, mau be added lo eiHier side of the arms, also a commutator for reuersing 
ttie hoo arms, two temunals ror the resistances under efaminaHon and baHerv and galnanometer keys 
for permanent and instantaneous contact. the resistances consist of sif decades of 10,000, 1,000, lOO, 
10, t, o.t Ohm and are of the sliding contact type, the sliding contacts consist of a large number of 
Hiin metal leaoes brushing ooer the contacts. R loooden cooer is pronided for protection from dust 
as with the preceding apparahis. 
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VIL eiectro-medical Physiological and Bio- 
logical Instruments. 



\. W. R. Hirsdimann, Berlin N., t4/t5 johannissir. 

Naknr of Occtro-HierapfuHcal Tnstraments. 
t. StaHonary Untoersal Rpparahts for 6atoanic and faradic Currents, in coigmctioii 

toUh an influence nudiine. Tig. t. 

2. StaHonary Rpparahts for 6aloanic and Taradic Currents, shnpto arrangcmcnt a4aptcd 

for connecHon to connnuous ctrcuit of tto noUs. Tig. 2. Such sUHonaru amMvahts is adaptcd for use 
toith accumulators and primary cells, or may bc direcHy connecM loim street nuUns carr^ing a con* 
Hnuous current the auritiary appliances saHsfy all therapeuHc and diaanosHc requirnnfnts. fn dt- 
signtng thc apparahts considcrable attcnHon has bcen paid to the conoenienct in manipulation. 

3. Portable Rpparatus for Constant and Tnduced Currents. ihu apparatus u mtcd »mi 

gkloanometfrs for aosolute measuremcnts. thqi are partty fltted toith resistance coils fbr rrgu- 
tino the current, and all are prooided toith cell counters for putting any number of celts sinal^ into 
Circuit, the siie of the cells is diosen according to the strength of the current, tohidi in tfs tum 
depends upon the purpose for tohidi the apparatus is required. the portable indtiction ^parafus 
is Rtted toith one or tu)0 cells according to (he frequency with tohidi it ts intended to be usrd. thosc 
arranged for clinical use, in particular, are prooided with £eclanch^ cells. 

4. Rufiliary Rppliances for Clectro-therapfutical Purposes and for Cltctrolusts. 6ai- 
oanometers, Rheostats, 6lectrodes of oarious forms, Handies for electrodes Atted toith inter- 
rupters, needles for electrolysis, Sounds, tc. 

5. Portable Rccumulators for Illumination and Cauterisation. these accumulators are so de- 
sianed as to render them adapted for irregulär medidnal use. theu are durged with solid fllUng and 
all connections are protected from ovidation. Self-disdiarge is effectinely oboiated, enen toith ner^ oc- 
casional use. the entire arrangement is sudi that the accumulator may conneniently be carricd and 
shipped. the siie of the accumulators depends upon the nature of the Instruments used. 

6. Cauteru Instruments. Bumer handles and galoanocaustic loops. Burners oT iNurioiis 
Sites. Dr. R. Flachenrodt*s Set of Instruments for gynaecological Operations. 

T. Prof. Bottini's Set of Instruments for ealoano-cautery of Prostata-hypertrophy. ; 

Tig. 9. this set consists of a table traoelling on casters and carrying an accumulator and ampä r mete r . 
the accumulators sufltce for a considerable number of Operations and are also aoailable for illuminatin^ 
Instruments, the galoano-caustic bumers are so constructed as to alloto of the cutting surfaces being 
mooed with great precision, and perfect cooling is prooided for. 



Digitized by 



Google 



Scction VII. 



tT3 



S. TUuminating Instruments. Head-Utnpsofoariousforms. Instruments forthetrans- 
lumination of the caoity of the uppcr jaio, for the translumination and Illumination of the stomadi, 
urrfhroscopcs, rectoscopes and oesopnagoscopes, tc. 

9. Ct|St0SC0piC Instraments. ri9s.4and$. Dr.Rnitfe*s simple Cystoscopes corresponding 
in siie to catheter nos. 2t, U and t$. Dr. Casper*s Catheter-q^stoscopes for Intraoesical Operations. 
Diese cystoscopes are prooided with aood opticai. Rttings, they haoe a (arge Reld and an Incandescent 
Ump yieldlng perfect Illumination, the instruments are fitted up in sudi a manner that they can be 




Tig-l. 



rig. 2. 
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thorouohlv cleaned bi^ etiHre immcrslon in 
steriliitng fluid toithout risk of damage to 
the opHcal and electrical fltHngs. Custoscopcs 
intmded for the caHieteriiaHon of tne uremra 
are so constntcted that Hie cathrters can be 
easily passed in and directed after thdr in- 
hroducHon. Custoscopes constructed fior Oper- 
ations are Afted so as to be aoailable fbr 
oariotts difTerent instruments; Hic ttistm- 
menfs are Hierefore inferdumgeabte and nuni 
be used independenHy of rhe cystoscotpe. 
Ihe forceps-like inshiiments are conslntcted 
after the paHem of lithotriph)rs, tohitst in 
another form brandies are prooided opening 
laterallv and so arranged niat Hie field of 
Operation and the inshitments can be seen 
concurrentl^. 

to. RppUances fbr TUumlnaKng In- 

Strumetirs, aoailable for connection toith a 
direct current plant. 

1 1 . Untofrsal Rpparahis for ßatuanic 
Cauterisation and IllumlnaHon adapted for 

connection toith a continuous circuit; trans- 
formers for cauteru and Illumination, for con- 
nection with an alrematina circuit. the whole 
of the modeis are adapted for use uiitti street 
installations and so arranged that thqi nu^ 
be connected directly with the maiiu the 
regulation of the shrength of the current, 9s 
required for small illuminating Instruments, 
Is effected in the same numner whidi is 
usuallu adopted in the case of accumulators 
and omer sources of elechicity. the instre- 
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mcBb are used in Hie usiial 
numner. the apparahts för use 
toith gahNtnic and toadic cur- 
rcnts, intcnded fmr direct con- 
itfcHon, do not diffinr in Hidr 
gencral fimrm from Hie staHonar^ 
ipparahts spedAed under Tlo. ). 

12. Otttrit fdr Oibratoni 
Massage. Ihe eUchtmiofors 
amilable for massage are adapf ed 
to toork loiHi accumulators and 
finr direct connectlon to an elec- 
hric UM Installation and are de- 
slgned fimr contlnued and sufll- 
cientt9 poioerfitl toorklng. Rapid 
and oiaorous olbrations are pro- 
duced t9 eicentric rotation of a 
sttitably shaped toeight, and these 
Qitrrations are transferred to flat 
and btttton-shaped applicators. 

13. Prof. üon Berg- 
mannes Inshiimetital Out- 
nt fbr OperaHüe Purposes. 
Fig. 6. the Vt H. P. motor sufflces 
for major Operations and Is mount- 
ed under a table tranellina on 
casters. the rotation istransRrred 
b the instruments b^ means of 
a flerible shaft. the tohole design 
is sudi that the apparatus nu^ oe 
used in an^ operaring room and 
cleaned Uke an^ other set of in- 
shTtments. the inshitments are 
in particular anailable for trephin- 
tng loorfc and strongly made so 
as to b«ir the power supplied by 
Hie motor. 

14. Ttistrametital OuMt for 
Operations of the Hose and 
Ear. the electromotors are Atted 
toith a flerible shaft so as to 
transTer its rotation to the In* 
shmnents. the latter consist of 
oarloits siies and forms of toa- 
seiirs finr Operations of themastoid 
process, for opening the caoity 
of the Upper jato, clrcular satos, 
drills, 9tc. the electromotors are 
also anailable for use with the 
massage instruments. 

19. Instrumental Outflt 
fbr Prodttdng and Rpplt|ing 
Röntgen Rays for medicinai 
purposes. Tia. T. the whole is a 
complete outAt satisfuing the 
rquiremcnts of hospitals and 




Tig. I. 
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cUnics. the spedflcaHon includes an inducHon-coit yielding a spark of 50 cm« the remiisitc resishmcc 
coils for contitcHon to street InstalUHons and a mercuru Tnterruptfr capable of yUXömq 1,000 breaks 
per minute. the number of tnreaks may be increased, ir desired; this is hoioeoer not necessani lotth 
rhe appliances occurring in pracHcal use. the tohole of the resistanas required for the adjustment of 
the srrength of the current are connected toith the apparatus. the tohole outflt Is so arranaed as to 
join on to the shreet nuin toithout special connections. the tohole, being compactlu anranged, is tm 
simple in actual use and reliable. Rn elechrolytic intemipter can be used loitn thts apparatus, mhin 
is ntted mith the necessani connections. 

t6. Spark InducHon Coits yleldina sparks 50, 40 and 90 cm long, these coils are all adapted 
fbr high ooltages and accordinglu aoailable for connection to continuotts currents of ))0 and tto oolts, 
theu mau however also be worked by accumulators. the interrupters and commutators do not form 
part of tne coils, as it is more conuenient to connect them toith the other appliances. 

tT. Rttfiliary Rpparahts for Spark InducHon Coits. Rotatorv interrupters of oarious forms, 
elechrolytic interrupters. Röntgen tubes of uarious siies, Photographie auiiliaries, hranslumination 
screens. *c. the rotatory mercury interrupter is adapted for toorking bu accumulators and for con- 
nection to continnous circuits, it is therefore adapted for any Röntgen Insrallation. Ro separate source 
of elechricity is required for the interrupter, whidi is toorked bu the same current as the coit itself. 
lOhen usino the interrupters with accumulators the freqttency of the nibrations should be rather less. 
the contacrs are subjected to t)ery little wear and the circuit is always closed completely xnd with 
perfect regularity. 

tS. Rpparatus for the Ilse of Higli Tension Rttematina Currents after tesia, d*Rr- 
sont)al. these appliances are used in conjunction with spark coils, whidi are suitably workcd by 
mercury interrupters but are also aoailable for use with platlnum interrupters. 



2. R. Jung, Heidelberg, t2 tandhausstr. 

(See also Section Vc.) 

t. förster^S Perimeter, considerably improoed, on metal foot, toith reliable mooing medumism 
and reootoer for flt)e colours and four sqttare sectors. Tig. l. 

i. Priestlei|-Smith*s Perimeter, utest form. Tig.j. 

3. Registering Perimeter, new form. 

4. fÖrster^S Disiometer, with neu» diaphragm mooement. 

5. Priestley-Smith's Ophthalmological Hand-lamp, £eber*s improoed modiiiaMon. 

6. Rindfleisches Skiascope. 
T. 1deiss*s Drophthalmometer. 

8. Fick's Ophthalmotonometer, with Koster's reticuie. 

9. 1deisS*S Demonshation-plate, with four diagrams. 

10. Ihoma's Plate for the microscopic demonshration of the circulation of blood in the mescnteryl 
and Omentum of dogs and rabbits. 

tt. Ihoma's Trog-plate for the microscopic demonstration of the circulation of blood in the 
mesentery. 
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12. Hand Cfntrifuge, working at 4,000 \o 6,000 reooluHons per minute, loith cooered gearing 
and guard otier thc four qiUnders of about 40 ccm capacity eadu Tig. 3. 

13. Rotating Rpparatus tot one Urge or three small coloured disks. Speed 4,000 to 6,000 rr- 
ooluHons per minute. Tig. 4. 




Flg. 5. 
14. Edinger's Model of the upper spinal cord and Ihe medulla oblongala. this 

tnodel shotos rhe shruchtre of \he organs magnified 25 Htnes and is closely based upon the 5th editioti 
of£dinger*s "Tioelne Cechtres on Wie shiichire of the central neruous organs/* Tig. 5. 



3. IVla^ Kohl, Chemnitz (Sa^ony). 

(See also SecHon VIII.) 

Röntgen Desk Cabinet nie intermediäre porMon of this cabinet contains a rotating inter- 
rupter, an ampä'emeter and a spark stand upon a white marble slab. A stout framed pane of plate 
glass sUdes inro the upper part, white the cabinet is open, and constitutes the cooer or this semon. 
the upper section is fitted with four drawers lined with feit for Röntgen tubes and a flat drawer 
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for a lumitums scrttn haoitiQ a surfacc of 50x40 cm. Below thc Üble top Hie cabinet conUins on 
Hu rioM hoo current regulators for Hie inducHon coil and Hie roUHng interrupter respecHneln. 
Regulation is effected bv means of two sliding buttons situated abooe the table top. On the left 




side the cabinet is fitted loith a drawer for conducttna wires, an oil-can, 9tc, Ihe lower cup-board 
contains the inducHon-coil. Ihe cabinet is surmounted by elegantl^ fitted incandescent lamps, one 
bring white, the other red. Iheir sioitdies are situated on the right side of the cabinet. 
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4. Wilh. PetZOld, Ceipzig-KE., 6 Sdiönaucnoeg. 
Phijsiological Instrument naher. 

Cudtoig'S KljmOQraph toith roUers for endless paper. the general form of Cudioig's design 
is retained, but the folfotoing modificaMons haoe been introducedr-^Trom Fig.l i\ toill be seen M 
the flf ed angularitv of the cylinder frame has been replaced bu an adjustable frame of tioo parts, otv 
of tohidi ts rifed, tohile the other, or upper part, can be rotated about the main drining spindfo wiHiout 
in anu toay obstructing its monements. 

rhis part has firmlu attadied to it the frame tohidi carries the qilinder, the apparatus for auto- 
matically raising and totoering the latter and a friction loheel. Ihe lotoer, or fifed, angle disk has 
fine notdies cut in its drcumference. Ihe upper part is fitted toith a leoer and patol fitting mese nohhes. 




Tig.t. 

As soon as the patol engages into the desired notdi the leoer should be slightlti pressed against Hic 
notdi so as to etisure a firm grip. By this means the cylinder may be madfe to occupti the foUotoing 
positions: totoards the left hori2ontaUt|, obliquelti and oertically, totoards the right obliquelti and hori- 
lontallti, and tohile makino these dianges there is no need to unscreto the frame or to detadi the cy* 
linder. In addition, the friction toheel is attadied to a long spindle fltted at the top toith a pinton 
mooement bu tohidi it can be raised and lotoered so as to graduallu shift the position of the friction 
toheel from the centre of the horiiontal spindle to the ed^e of the friction disk. Accordino to the position 
of the friction toheel the ci|linder tums totoards the nght or left. Ihe adoantaoes of tnis arrangemcnt 
are best appreciated tohen the cylinder is used in its horizontal position, since it can altoays be made 
to rotate in the proper direction toith respect to the scribino leoers, tohether it be on the right or lefl 
side. Ihe connecrion bettoeen the rate of depression of the drum and its speed of rotation has in this 
Instrument undergone the foUotoing modiflcations:-^ 
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rhc old crown loheel on thc main spindle has been repUced h^ a loheel provided toith foitr tooHied 
scrnos. thc saeio-spindlt, tn| lohidi the drum is raised and lotoered, is flUe d loith a small loheel tohidi 
cati be mooed so as to engage in one of \he toothed rims. A scale fadUtates this adjushnent, and thc 
medianism is released automaHcally as heretofore. 

Ihe guide-piece for Wie dntm is sihiated beloto the laHer and a buHon at \he side prooides for the 
mooement bu band of the scrno-spindle and dntm, so as \o place the latter at any time in its highest 
Position. Arter unscreioing a milled head the upper arm can be tumed on a hinge so as to attadi 
or remooe Hering*s loop. 




Fig. 2. 

Ihe plate of the frame carniing the drum has attadied to it a plate fitted with two uprights and 
a cross-piece supporting two rollers running between points. Fig. 2. Both rollers are conshrained to 
rotate at dissimilar speeds. Ihe left band roller has a certain supplu of ribbon paper rolled upon it, 
the free end passes round the drum and is clamped to the other roller. As the drum tums the hra- 
cino paper is rolled upon the other roller. 

the whole apparatus together u)ith these roller Rttings can be tilted and the position of the latter 
reoersed when tne apparatus is tilted in the opposite dtrection. 

the amount of the doumward movement of the drum is indicated bu a millimetre scale. Ihe dunoes 
in the rotating speed of the drum are effected, as heretofore, bv altenng the position of the friction 
wheel or bi| means of the dünge wheel nearest the crown wheel in the drioing clodi, also bi| loosen- 
ing the coupling on the main spindle. 

Bv these means the cylinder can be made to rotate at speeds oan|ing from 0.1 to 3S0 mm per second. 



5. Psi|(hiatric CUnic of 6iessm. 

t. Prof. Sommer's Rpparahis for the Ihree-dimfnsional Rnalijsis of Crpressional 
VlovemcnH of the Hand, made bv Schmidt, medianician, 6iessen. Fig.l. 

2. Prof. Sommer's Rpparatus for the Three-dimensional Rnalijsis of Nonements 
of the Cegs. Fig. 3. 
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3. Prof. Sommer's Rpparatus for thc CnminaHoti of thc Pupils, with means ror nuasw- 
ing Vm Stimulus and üs tttttt. Rccessorv'.-'A rheostat for modifiilng the opHc sHmulus. Ffa).}. 

(R descripHon of these instruments is conUined in the Cehrbuch der psychopathologischen 
Untersuchungsmethoden bv Prof. Sommer, of 6iessen, pp. ti to tst.) 





Tlg.l. 



Tig.4. 




Tig.J. 



Tig.}. 



4. Dr. Rlber's Rpparatus for Rtsotoing OpHcal SHtnuU. rig.4. See Rrchio fflr 
Psychiatrie und nervenkrankheiten, Berlin tt*t. Ool. $0. Ilo.i. 
Instruments Ttos. I and 4 haoe been made by 6. Hempel, medunician to the Oinic 



6. Siemens & Halske £imited, Berlin. 

(See also SecHons IV, Va and VI.) 

t. IndttcHon Coil atoina a spark of 20 cm, mounted on mahoganv case wtHi condenser, com- 
muMor, Deprei contacT-brealitr loim intenhangeable plaHnum double contact and double primani wM- 
ino, adapted for working both with the Deprei or memini intemipter and a Uehnelt contact-breaktr 
pSgi). 

2. InducHon Coil gtoing a spark of 30 cm, simiUr in construcHon to no. t. 
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3. IndUCKon Coli gtoing a spark Of 50 cm, simiUr in construcHon \o no. t, tut without 
Deprei interrupter. 

4. IndUCtion Coil gtoina a spark of 30 cm, mounted on base toithout condenser, loiHi primani 
toinding, adapted for the lOehnelt interrupter only. 





Tig.t. 



Fig. 4. 





Fig. 2. 



Fig. J. 



5. Nercury Uibrator on mahoganv board with double armed balance beam, to work with a primani 
current of 12 to 30 oolts and adapted for continued working. the apparatus is appropriatelu put in 
the Circuit of the primani coil, the frequencu of interrupHons is regulated bi| means of hoo set- 
scrcws, whidi oan| the duration of the contact in the primary drcuit [Fig. 2). 

6. WehntlVs £lectroll)Hc Contact-breaker for continuous and altemating currents, 
with cooler and easilu adjustabte anode for regulating the strength of the current and the freouenqi 
of the Interruption within nen| wide timits nan|ing from 50 to 2,000 interruptions per second. Rdapted 
for direct working at SO to 220 volts (Fig. 3). 

T. Röntgen Tube loUh RdjUStabU Uacuum for ordinary intemipters, of the Deprei and 
memini nibrator type. By means of the phosphorus placed in an accessory tube the Röntgen tube 
can be adjusted to anv desired length of spark up to 50 cm (Fig. 4). 

$. Röntgen Tube for WthntlVs Intemipter, adapted for a 50em spark, wiHi arrange- 
ment for cooung the anticathode. 
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T. Emil Sydovo, Berlin N.W. 6, tt mbreditstr. 

Nedianician and OpHcian to the Untoersihi Ophthalmie Hospital 

Seoeral aioards, gold and silner medal, diplomas and certificates. 

Specialihi: Ophthalmie Instruments, Ophthalmoscopes, Caryngoscopes, Refleir Nirrors. 

t. Set Of Standard lest Censes of Hie Utest mos\ elegant and mos\ perfect form. RU Hie 
glasses are mounted in siloered or gilt frames. the culindrical lenses are parHy oreyed as an aid in 
nnding their aies. Ihe equipment is complete and surRces for all purposes. Turfner parHculars will 
be found in Hie firm*s calalogue under no.lTT. 

2. R Similar Set in case made throitghout of solid loatnul, and RHed toiHi toooden divisions. 
RHenHon is draion \o the improued diopter scales tohidi are made of celluloid. 




Tig.t. 

3. Mitary Spectacle lest Case no. II, as supplied to the 6erman Rrmv. Ihe case is made 
ofoak. Fig.l. 

4. Helmholt2*s Ophthalmometer. 

5. Förster's Perimeter, Pedra220li*s Perimeter, Schioeigger's Hand Perimeter. 

6. R Set of the £atest Refraction Ophthalmoscopes, named and arranged in elegant cascs. 
T. Oarious Refraction Ophthalmoscopes. 

a) Rutomatic Refraction Ophthalmoscopes afterKnauer and Roth. Figs.2and3. 

b) Refraction Ophthalmoscopes after Schioeigger, Knapp, Rirschberg, Burchardt. 
Raab, Candolt, del^ecker, Morton, £oring, Royes, tv^^^'Borthen andothers. 

8. Ciebreich's £arge Demonstration Ophthalmie Nirror. Peppmüller's Demon- 
stration Ophthalmie Mirror. 

9. Skiascopes. Roth*sautomaticskiascope, amplvtriedandusedinmanyhundreds. Sctiioeig- 
ger*s skiascope; Rori*s skiascope; Reustätter's skiascope; Rntonelli*s skiascope. 

10. Unioersal Irial Spectacles and Simple lest 6lasses. Burchardt*s universal test 
spectacles made of aluminium, a greatly approoed model. Riso Schioeigger*s, Roth*s, 6utmann*s, 
Racketes, Unger*s trial spectacles, and others. Fig. 4. 

tt. Comeal £enses. Zehender-I3estien*s binocular comeallensfordirectcomealobsematton, 
the best binocular lens ertant; a similar binocular lens by £ilhardt Schulte. Rartnack's cor- 
neal lens. 
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12. Schioeioger's £lectrical lUuminaHng £amp for the Cornea; m samt to»h taterat 
Harlnack lens, ic, oarious paHems. 

13. Roth's SigM lesKng lUuminating Rpparahis. Fig.». 

Earyngoscopes, Reflectors, £aryiur Nirrors. 

at€3taaaaaaataaaatatataaaaaaatataatatat€Jtaaatataaaaaaaaa 

8. 6. Zimmermann, teipzig, 2t emiUensh. 

t. I9undrs Chronooraph, for measuring ertrnnelii small interoals of Hme, capable of reading 
I.OOt second, primarily desfgned for the shtdy of psydio-physical processes. A drum 520 mm long and 
620 mm in diameter is drioen by a poioerful clo(ktoork and may, by adjustable toeights and a fan 
oooemor, be made \o run at a mai imum speed of \en renoluiions per second. A micrometer spindle 
rums syndironicallii w\\h the drum and Transports an electro-magneHc tracing apparahis consisnng of 
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a small hining forfc, calibrated \o make SOO double oibraHons per second and fitted toiHi a loriHng 
style, and Hiree pairs of electromagnets loith scribing points. 

2. Cttdioig's Drum Kumograph, bdng a registedng apparahis toith drum adapted for use 
both Hl Hie horurontat and oerncal posiHon. The drum can be raised by a slide achtated by a micro- 
meter-saew and is lowered automaHcally by the clodiwork. Ihe laHer provides for a ränge of the 
curoe internal from t \o 3S mm, and the speed of rotation may be naried continnously from i seconds 
totVthours. 

3. Untotrsal Stand for Graphic Crperiments in PhijsiotoQi). this stand is adapted for 

supportlng and adiusting the distance of the mriting apparatus from tne smoked drum and possesses 
the adoanrage that all saibina Instruments and time markers can be moned up and down in the same 
plane and adiusted both roughlu and by a micrometer-saew with respect to the drum, whilst the latter 
may toork either in the horiionral or nertical position. 

4. Piston RfCOrdtr toith balanced writing leoer, the fülcrum of whidi can readily be shifted wtthin 
Wide limits. 

5. VläTty^S Pneumograph for registerhtg monements during breathing. 

6. Narf U*S Tambour toith detadubie holder for the scribing leoers and mooable fulcntm, for 
registering oscillations in blood pressure, 9ic. 

T. Don Freuds lonooraph, for shnilar purposes. In this Instrument the rubber membrane 
is replaced bu a fUt comigafed sheet metal bor, tohidi possesses the adoantage of greater constancy, 
durability and air-tightness. 

8. Recording Magnet for registering interoals along the respiratory cumes. 

9. dechlcaUi) Naintained Spring, for the same purpose. 

to. Bernsteines OscitlaHna Contact Breaker, for actuaHng both Hme markers. rhts In- 
strument possesses the adoantage mat, the sprino being graduated in terms of oibrations per second 
and micrometrically adjustable by means of a scaie, intemiptions may be obtained oarying from 5 h) 
2 SO per second. 

tt. Unioersat Contact Rpparahis (ReacHon Time Chronograph), this apparatus sufikes 

to establish contacts gioing any tnteroal and duration of time, e.g.: 
t. Rbsolutely instantaneous contacts. 

2. Irianoular friction contacts. 

3. Rotating contacts for permanently closing circuits. 

Ihe latter, bu suitable combinations, are adapted for producing durations of contact oarying from 
immeasurable snortness to any length of time. 

12. Don Trty^S Sphljgmograph, for tracing pulse cumes, so constructed that the scribing 
leoer traces the pulse mooements either directlu from the pressure plate upon a specially constructed 
clodiwork fitted mith interdunoeable drums and registering interuals of Vi second, or by a pneumatic 
capsule, or by direct transmisslon upon any of the usual nymographs. 

t3. Minors Rutomatic Nicrotomes. 

these microtomes are made in oarious forms and siies and haue been described as the best, most 
complete and most conoenient section-cutters. they possess the following adoantageous 
features:^All parts are so solid as to be atmost indestructible; the v-blodi mooes freely 
and uniformly and yet with great precision; the thickness of the sections is variable 
from Vi to 40, and, in one Instrument, eoen 100 micro-mitUmetres; the micrometer-screui is fed auto- 
maticatly, the form of the Instrument is adapted for oery large sections, e. g. entire brain- 
sections; the position of the object is adiusted white wholly abooe the knife, whidi is 
stationary and fiied at both ends; the ooject can be adjusted in any position with the 
greatest ease; the sections are absolutely flat and are obtained quickly and without trouble. 

Vlodel I is adapted for cutting 40x40 and 40x50 mm haoing a thidiness of 5Smm and fumishes 
automatically the foUowing ränge of thidinesses: 

VsM* ViM« VtM» Vti« Vm ^^ Vi^nim, or, as erpressed in micro-miUimetres, 
3, 6, to, t3, t6 and iOmicrons. 

1f desired, this as well as aU the other modeis, can be constructed so as to cut any other series 
of thidinesses. 

Model II is of the same siie as model I, but, in addition to the cutting series of the latter, fumtslies 
sections haoing thidinesses of l, 3, 3, 4, 3 and 6 microns. 
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ftodcl III is adaptcd for objects $5x60x4$ mm ttiUk, and is used like Vlodelsl and 11, but has an 
addiHonal framc for cuHing celloidine preparations loUh thc knifr clampcd in an oblique po- 
siKon. this model fumishcs secHons of 6, 13, 20, 26, 33 and 40 microns and Vi* 1, 1 Vi • • • ^o 6 microns. 

Klo de l IV, similar in siie \o Vlodd III and dilti wüh the oblioue knife frame; but loithout thc 
mtcrometer adjushnent, lohidi is not required in manv cases. U ntmishcs secHons of 3, 10, 13, 30, 
2S and 30 microns. 

14. Microhmif for Brain-secHons. fiew Model. 

ftodel V, as suggested bi| Dr. 6. C oanUalsem. this Instrument possesses all the features 
ofthe precedino modeis and, inaddition, isadapted for obtaining sections of the cerebral 
hemispheres, the ganglia of the caudei cerebri on both sides and the cerebellum, and, 
besides the smallest sections, objects of 113x193 mm can be cut. 1t fumishes sections of 
Vs* t, tVt ---^o 6 microns and 9 progressive thidinesses from 6 to 100 microns. 1t Is also toell ad- 
apted for cutting celloidine preparations. 

Model VI is adapted for large sections of 113 x193 mm onli^. Rnu of the Rttings necessani for 
cutting ftne sections are absent in this inshitment, so as to reduce rhe inshitment to its simptest 
form. 1t fumishes accordinglv only the coarser series of Model V, nii. 6, 13, 30, 36, 33, 40, 60, 10 and 
too microns. 

15. IlOO nOD Sliding Nicrotomes mini automaHc feed, transoerse or. oblique stationani knife 
clamped at both ends. 

16. BurgharKs RutOtnatiC Nicrototne, mith a transoerse or oblique staHonani and a ro- 
tating knife, the tatter being intended for fresh objects. 

Rn illustrated price-list and separate descriptions man be had on application. 



9. Rd. Ewidiert, Kiel, 25 Dänlsdiestr. 

OpHcian. Nedianician to the Royal Physiotogical InsHhito of Kiel. 

6old Medal and Diploma: Kiel 1196. 6old Medal: Brüssels 1191. 

(See also SecHon IX.) 

t. Dr. Rpslein'S Medium Sized Plankton Ret this net U adapted for the quanHtatioe 
catdiing of plankton, the organisms floating arbitrarili| in mater. 1t is drawn oerticallii and the amount 
of Attered water can be estlmated from the opening of the net and the depth of the dram. 

2. Dr. Rpslein'S Small Plankton Reh thU net is used Uke no.l. Uhen traoelUng it can 
amoenientlii be carried in a knapsadu 

3. Plankton Ret for Fish-pondS. I9alter*s modlRcaHon of no.2. this net is used like 
nos. t and 2 and seroes to determine the amount of nuhiment in ftsh-ponds. 

4. Dr. Rpslein'S Surface Ret this net is intended for qualitaHoe fishing. the materUl 
ooltects at the detadiable gauie closing the bottom of the budiet. 

5. Prof. Hensen'S Counting Nicroscope. this microscope semes for counting the quan- 
HtaHuelti dredaed organisms. Attention is drawn to the ruled glass ptate and the movement of the 
stage in tmo directions. 

6. ZlOickerrs Counting Stage. SimiUr tono.3, but simpler. Adaptable to ani| microscope. 

T. Prof. Hensen's Piston Pipettes for ertracHng from a oessel containing the weU stirred 
cahh a certain oolume (O.l, 0.2, 0.3, l.O, 2.0, 3.0 ccm) so as to separate a deftnite portion for counting. 

8. Prof. Hensen'S Earge Filtrator, for concentraHng the vields. the nields of the plankton 
let budiets are placed into the filhrator and the superfluous water can be remooed. 
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VIIL RppUances for Chemical and Chemico- 

pht|sical Researdu taboratoni and 

Educational Rpparahis. 



t. Paul ßebhardt, Berlin C^ 6 neue Sdiönhauserstr. 

nedianidan and OpHdatu (Cstablished tSTO.) 

Factoni and lOarehouse for Scientific, Oectricat, OpHcat and Chemical Instruments and 
Rpptiances for Class Demonstration (the Beriin Cducational Stores). 

fledianics. 
Stand loith PuUqi Blodi, of metai 

Rir-pump toittl tlOO 6lass Barrels (2lxi an), Babinct codi, toith 4isli ilca and iMKuitm- 
gauge [rigt). 
Dasijmeter. 

Magdeburg Hemispticres (12 cm), of brass. 
Barometer lest. 
Bourdon's Tube. 
HydrauUc Press, of brass. 
Suction-pump. 
Recipient for Rir-pump (soxsscm). 

Rotating Madline of iron, \o toorli horiiontaltv 
and oerHcauv. 
Uatt's Regulator. 
Botinenberg's Rotator. 

£riometer after 6raoert, loiHi dynamometcr; 
after Ihaer-Kleinert; after Vleniel; after Dr. S. 
Hartmann. 

RcousHcs. 

lUlO luning-forks on soundtng board. 

Simple Syrene. 

Cagniard-Catour's Sijrene wim counHng 
medunism [Fig. 2). 

Saoarfs Vtheel-syrtne. 

Reed'pipe toith scmnding rünnel and glass toindoio. 

Pipe lotth tonic Scale. 
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OpHcs. 

CoUtgt SpfCtroSCOpt totlh conered prism, Ried slit coUinutor, scatc-htbe and tetcscopc, adjustible. 

PotariSCOpt with flicot prism, dtttd loiHi pointer, hoo dioided circles, graduatcd arc, tcnses and 
cnistat-holdor. 

Carge Cotlünr and Concane CetlS on adjustablc stand and monable. 

Prism on stand. 

Nodel Of Nicroscope« open, with draioing shotoing path of rays. 

Medianical Goniometer. 




T 



V 



l 




Tig. 2. 



Flg. J. 



Tig. 4. 



Heat. 

SecKonal Uorking Nodel of oertical steam-engine, qiHnder toith sUde-oaloc gear, ercentric* 
regulator, throttle oaloe. 

Ceslie's Copper Cube. 

Döbereiner'S Camp in glass cylinder. 

Ceuer-pyrometer togcther loith rour rods or dirrerent metais. 

lyndairs ContracHon Rpparatus. 

nobtti's ThermO-electriC Pile, consisHng of 30 Clements on mooable and adjusUble brass- 
stand tTig.3). 

flagnetism. 

£oad-Stone, natural. 

Coad-Stone, mounted. 

Horse-Shoe Magnet, triple Uminated. 

Compound Magnet, in case. 

Magnet Reedte (llcm long) toitli agate centre, on stand, in case. 

Dectination and Dipping Tleedle with agate centre, graduated circle reooloing in fork, adjust- 
able \jy micrometer-saeio (Fig. 4). 
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£lech1cih|. 

COttlomb's Torsion Balance fer matncNc and dcdriul opcrimciils in gradiulcd glass msscL 

Rotating 6lass Sphäre. 

langent Galoanometer, coppcr ring of 12 an ditmdcr on polishcd mahogann stmd. 

Gatoanometer toiHi asTatic necdle, under glass shade (Tlg. 9). 

Demonstration Rpparatus» currenl rUnoing round a magnct, toiHi commutator (fi%, i). 

Rotating Magnet Rpparatus, in nirce combinaHons. 

Rmp^re's Rpparatus arter tOeinliold, toith aluminium eicctrodcs, hoo Stands, hoo coils amd 
hoo bofwood cups. 

Carbon Regulator milh parabolic reAeclor. 

Uertical Demonstrating Oaloanoscope mini hoo dirrerent mindings and adjuslablc coils [Fig.!]. 

£lectromotor ror OcissUr tubcs. 

6eisster tubes. 

£lectricat Cgg, bisected. 

Rhumkorrr IndUCtion Coil, Imm spark, mini commutator. 

Telephone Nodd tFig. i). 






Ti9.6. Tig.!. Fig.l. 

Itlttstrated catalogues maij be had gratis on apptiation« 
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2. Tdax Kohl, 
Chemnitz {Saxony). 

(See also SecHon VII.) 
t. Ueinhold's&rpfrimenting labte forUadUng 

inphysics. FiQ.l. this table is 4 m lono, 0.9 m high and 
0.1 m toide. The table is of oak 40 mm midi and made up 
of framed pannels. Ihe body of \he table consists of deal 
frames and pannels; i\ is filted toith eight draioers and 
hoo cupboardis, a long narroio dratoer for glass-hibes and 
a bradiet for pladng burners aside. Ihe table is fitted 
toith gas and toater pipes, hoo sets of piping for a loater 
oacuum pump and a uuiter bUnoer, also two lead waste 
pipes, a draught pipe for gases and obnodous rümes, a 
warmina dumber for electric apparatus, rtctsses for er- 
perimenrs inooloing the use of mercuni, a pneumatic linc 
trough with outlet oalne, electric mite connections, two 
India rubber flaps and tube holes. All pipes are fitted 
uiith ercellent taps and are laid readu for connection 
through the floor. tlie gas piping includes a specialis 
Wide codi for fllling gasometers, tne other gas-codis are 
fitted with cumed mpples to preoent kinking. the cooers 
abooe the water outlets and the drauoht pipe are of 
iron and rest on iron rings so as to oboiate the incon- 
oeniences arising from warping. the coner of the pneu- 
matic trough is for the same reason made to constst of 
a slab of slate. this slab, as well as the coner of the 
mercury-well and the marming dumber, are made to lift 
out bi| means of detaduble handles. Opposite the draught 
canal the table is fitted with a slab of slate $4qcm 
so as to Protect the table from injurv durina the Per- 
formance of diemical erperiments. the undersrnicture is 
oamished. 

2. Bertrames IncUned Plane, Fig. 2, made enHreiv 
of metal and adjustable so as to alter the direction of the 
pulling force. 

3. Nodel of the Hijdraulic Press, Fig. 3, consist- 
ing of a glass barrel fitted with nisible naloes. the com- 
munication pipe is erposed to niew, and the targe ci|linder 
is Rtted witii a safety nalne. 

4. Ueinhold's Form ofPascars Rpparatus 

for eiperiments on the hydrostatic pressure at tne bottom 
of difrerentlu shaped nesseis. FiQ.4. the beam has on 
one side a top pan so as to facuitate the interdunge of 
the nesseis. 

5. HudrostaHc Balance. Fig.s. this baUnce u 
fitted with beam and pan arresters. the case can readily 
be lifted off after tuming two fasteners and is fltted 
with badi and front sliders. the balance is sensitive to 
5 mg and carries 1,000 g on eadi pan. 1t is adapted both 
for specific oranitu and other accurate weighmg. the 
eouipment of the oalance includes a Short pan and an 
adjustable support for hydrostatic erperiments. 
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T\q.2. 




Tig. 3. 



6. Sljphon Barometer, Tig. 6, mounted on a heaoii ebonUed board. Ihr hibe is stoitt IhomafA^ 
boiled out and flHed toith a tustd-in point and ebonite stopper for \he safe remonal of thf instrumou. 
The Scale is made of bonoood, i\ is mooable and dWtd toim hoo dioptrrs. 
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Fig. 5. 
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T. Fortin's StaKonani Barometer. Tig.?. Ihe hibe is tSmm wlde and contaltied in a 
meUl casing. R oemicr mooed bu a saew admits of VM^nm bring read off. the lowcr leoelofthe 
mcrcury is adjustable by an eleoaring sano. 



11 




Tig. 6. 



Fig. I. 



Flg.». 



8. Nodel Of a Force Pump. Fig.<. The dimmsions or thismodel are sudi as to cUarlti shoto 
the action of the pump, and the mooements of the^valaes can be foHotoed with great ease. 
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9. Flodel of a SucKon Pump. Ttg. 9. rhts model ts ntted lolHi Ur^t parts and appropriatelti 
coitshructtd valoes so as to clearlti demonstrate the acHon of the pump. 




Tlg.«. 



Tig-to. 



tO. ProjecHon Cantern for £lectric Oght Tig^O. this lantem is nned withan automaHcallti 
regulaHtia arc-lamp for continuous or altemaHng currents. the luminous point can be centred by 
means or a beoelled head. the lantem is Rtted loith a Short detadiable optical bendi for the projection 
head and the objects lohidi are to be shoton on the screen. 

t1. Bianchi's Rir Pump. Tig.tt. the barrel or this pump being of glass is not liable to 
oridation white not in use. 1t is double acting and fitted with a B ab inet co<fc. Both oaloes, in 
contradistinction to older types, are placed outside the barrel so as to facilitate the process of cleaning. 
the pump produces a oacuum of 2 mm on the mercurial pressure gauge. the plate is Rtted with elec- 
trodes communicating with the interior of the receioer. 

t2. Rir Pump WX\h Zwo Barrels. Tig.t2. the barreis are or glass so as to oboiate oiida- 
tioti when the pump is not in use. the oaloes are situated outside the barreis and can easily be 
cleared. the plate has a diameter of 350 mm. the pump is Rtted with a Babinet co<fc and reduces 
the pressure in a oery Short time to 2 mm. 

W 
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t3. HelmhoUl's Double Syrene« dHom by an elechromotor of adjustable speed. Fi9.15. this 
apparahis is adapttd for determinitifl thc nutnber of oibraHons of Single sounds, for producing duirds, 
beats and Compound tonis. Whtn, fnrown into gear thc counHng apparahis closes an dectric current 
lohidi causes an dechric dodi \o beat seconds. 




Ti9.tt. 



14. HelmhoUz's Tuning Forh RpparahlS for produdng £issaJous*s curots and for graphi- 
callu dfmonstrating tht nibraHons of hoo runing forks. Tigs. 14 and 15. tht forks are intoncd bv 
decrromagnds and can be made to nibrate in a ncrtical or horiiontal plane, the curnes nuv beshoum 
by reflecHon at carefuUti poUshed steel mirrors attadied to the legs as loell as by tracings. the appa- 
ratus indudes a set of forks fitted in an elegant case. 

15. Small Stand VOith Seuen Tracings made by the preceding apparahis, for demonstration 
on the screen. Tig.l6. the curnes eihibit the following phase difTerences: 1:2, 2:9, 9:4, 4:5, 3:5. 
5 : 6 and 95 : 96. 
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16. Paul Ca Cour's PhoniC UheeL 119.11. the phontc toheel consists of a hollou) looodeti 
drum haviiiQ attadied \o its chrcumfcrence )0 soft iron armahires rotaHng in front of a horse-shoe 
electromaoner ordted tn| a current lohidi is rendcred intermittent tn| a hinino fork. Continuous 
rotahon is established as soon as the spted is sudi that the annatures pass the electromaonets at 
the same rate that the drcuit is dosed. the periodidty of the forh can rhen be ascertained bij the 
counting dials. 





Ti9.t2. 



Ti9.t5. 



IT. Ueinhold's DemonstraHon Goniometer. Ti9.tS. the goniometer can be used in a 
tiorüontal and oertical position as a means for demonstrating the latos of refledion, refraction and 
dispersion, for determining anales of prisms and refractioe indices; it is aoailable as a goniometer 
and spectrum apparatus, and for spectrometric erperiments and spectrum anal^sis. the accessories 
include a centreing stage for crystals, a mounted plane mirror, a loater oessel loith slit, a slit loith 
illuminating mirror, an Inder, tioo lenses, a coUimator tube, a telescope, a prism of heaov nint glass 
having sides of 45 mm and a spanner. RH these parts are contained in an elegant case. 

18. Bruno Kolbe's Refraction Rpparatus, Fig. 19, for erperiments on reflecHon at plane 
mirrors, refradion of light lohen passino mto a denser medium and conoerselv (air-glass, glass-air, 
ioa(cr-air, Ac), total refledion, refraction m parallel glasses, minimum deoiation, refraction in prisms 
and lenses, refledion at cylindrical mirrors, &c. 
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Tl9.t5. 
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t9. £en5 Stand, Ti9.20, adapttd as a holder for unmounted lenses of oarious dUmeters, concave 
as tofU as conoa. The lenses can be raised or loioered. 

20. Tlodel of a Iheodoltte, T\q.2\, with oerHcal and horUontal drcles, the UHer being adapted 
tot reoehnon. the circles are dinided into 360^ and read to Vio"" ^9 vemiers. the eyepiece \s ad- 
justabie bn radi aind pinion and is fltted lolth a prism and sun-glass for astronomical obseroations. 



The apparahis is equipped toith a heanv ^int prism 
collimator and telescope haning an aperhire of 27 mm and a 



21. Sdiool Spectrum Rpparatus. Ti9.22 

of 60^ haoing a dtspersion of 7^ a slit collimato 
Scale and comparison prism. 

22. Polarizing Rpparatus. Tig. 23. this apparahts is nned with a poioerful System of lenses 
for maanifying the afial Images and has an ercepHonally targe fleld. the poles of the rings in sul- 
phite or sodium can both be seen simultaneouslv. 

23. Prof. Dr. Friedr. Ce.TIttUer's Heliostat. Fig. 24. this neio heliostat possesses the 
great adoantage of being uery easilu set up. The edge of the loioer frame is placed paraUel to the 
meridian, the heliostat ts then leoelled by means of the eleoation saeios, and the plumb-bob and the 
hands of the clodi are set to time. the upper mirror is then inclined so as to cause the centre of 
its pendl of raus to faU upon the lower marh. Cross wires are clamped upon the upper mirror for 
ftndtng the centre of the pencil. I9hen the position of the lower mirror is sudi that the pencil of rays 
falls into the room the adjustment of the Instrument is complete. 
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Tig. 24. 
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Tig. 25. 
RmnfemcBt (qt poUrtfaHün in comoergent tlght. 

24. Prof. PaallOW's OpHcal Bendu Flgs. 25 to 90. this apparahts is adapted for Hie folUno- 
in9 eanperimoits:-^ 

t. uouble refracHon and potarisaHon in parallel and conocrgtnl light 

2. DemonslraHon of spectrum phenomena. 

9. DfmonslraHon of microscopical phenomena. These are readilu understood as Ihe paHi of the rai|s 
can be follotoed ttiroughout. uie apparahis is equipped loith all requisite accessories, vii. Tlicol 
prisms, sei of glasses, oladi mirror, condensers, 9tc. 




Fig. 26. 
Arrangniicnt fdr double rrfraction. 
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Arrangniicvt fdr tfcmottstraHnf mUroscopic phraomciu in poUrtfr4 Ught. 




Tig. 28. 
Rmngniiciit for poUrluHon «itli cotumn of gUss pUtes and bUA mirror. 




Ttg. 29. 
Rrnngcmcnt tot poUriiiHün in paraUet llght. 




Tip" ■ ■ igT ■ 



i 




Tig. 30. 
Rmngrmcnt br spectrum phraonuna. 
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25. Rpparatus for Rscertaining ttie Densih) of Steam bu Dumas*s meHiod. rig.9t. 

R surndair quantihi of the fluid under eratninaHon is eoaporatt d in bulb A so as to compUttlu ftU 
it loith oapour but no fluid shoutd remain in the bulb. thf laHer is then closed. the auanHni of 
oapour is rhen asccrtaintd by weighino, allowance beino nude for the air displaced by rhe oapour 
whence the quantity can be found whidi the bulb would contain at 0^ C at a pressure of 760 duil 
the capacity of the bulb is ascertained by weighing. 

26. Tlodel of Noltcular Magnet suggested by 
von Beeti for erperimentallti demonsfrating the Rmperian 
Hieoni. Tig. 92. 

2T. Dipping Rpparatus with Reversible Reedle. 

Tig. 33. 

28. Bruno Kolbens £lectrometer. Tig. 94. this 

electrometer has a mica Quadrant dioided into degrees 
and interdiangeable against another scale graduated in 
terms of nolts. the elechrometer casino is made of metal 
and can be connected to earth. the front and badi are 
Qlass pannelled so as to render the Instrument aoailable 
ror projection on the screen. the aluminium foil is sus- 





Tig. 9t. 



Tig. 92. 





Tig. 99. 



Tig. 94. 
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pouicd b|| a pcculUr mcHicHl lohidi rcndcrs tht electrotnetcr evtremelti sntsiHoe. thc condftisa can 
bf rtpUced tn| a holUno sphore, and an ebonitc plug loith a paper strip can be subsHhited for Hie 
plug loith aluminium foil 




Tig. 55. 

29. lOeinhold's ReflfcKng 6atoanometer. Tig. 55. this instrummt is nued withtöpitr s 

adjustabte air damping arrangement, an astatic nt t die and dial pointer, an ercellent mirror for reflecHon 
on the Scale, outer case wirh lens and a 
bobbin having wound upon il hoo separate 
vires t mm thidi (haoing a resistance of 
about 1.5 Ohms) and two sections of mire 
0.2 mm thidi (haoing a resistance of about 
tooo Ohms). The ends of both coils arc 
joined to three terminals mhidi are con- 
nected mith three binding screms situated 
near the erperimenting table bu three mires 
haoing a thidiness or 2 mm. By reason of 
Ihis arrangement either the coarse or flne 
loinding can be used mithout in anv mav 
attering the oaloanometer. the eract re- 
sistances of The two coils are noted on 
their respectioe bobbins. The galoanometer 
together mith the lamp is placed upon a 
bradiet suspended from the cetling, the scale 
being mounted on the opposite mall. 




Tig. 56. 



30. Shunt for the Heflecting 6atoanometer. Tig. 55. the resistances are so calibrated as to 
atlow 0.5, O.t, 0.05, 0.0 1, 0.005, 0.00 1 of the current mhidi is to be measured to pass through the gal- 
panometer. 
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sttd knifc-edges tipon stcd 
thcnno-cU ctric citrmils. 



3t. Dtrtical 6atoanoinfttr. Tig.SI. the magnct rcsts loiHi Us 
bearitiQs. the coil is toound in hoo secHotis, ont consisHtig of stout loire (er 
nie omer of Hiin loire tot measuritia resistances. The coil can be raised and lotoered soasto rtgulate 
nie degree of sensiHooiess. The pillar htms on Hie tripod and can be fiied by a damping screio. 
Both Scale and pointer can be seen a long ioai| off. 





Tig. 51. 



Tlg. 3S. 

RmBf rmnit br ruslBg mctat in the nuf bcHc AeU. 



32. £lectroma9ntt for all electro-magneHc and diamagneHc erperiments. Tigs. 5$ \o 41. Thts 
eleclromagnet is aoailable tot erperimenls on the behaoiour of diamagneHc and paramagneKc bodies, 
rolation of the plane of polariiaHon, separaHon of the aureole and sparks, dlatnagnetism of flames, 
the damping actton of electric inducHon (l9altenhofen*s pendulum), heaHng efrect of Foucault 
currents, the generation of Foucault currents, as demonstrated by Foucault's dish and tyndairs 
rotaHng coin apparatus. 




Fig. 59. 

ArraBfcmnit tot rotation of pUne o poUriiiHüii. 
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Fig. 40. 

Armgcmnit tot iUmttvMU «rpertmnits. 




Tl9.4t. 
Rrrangcment hr Tyndall's roUH«| coln ciperimcnt. 




Fig. 42. 
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33. Rmp^re S Stand. Tig.42. this is a nno arrangemfitt of Amp^re*s stand, tohidi con- 
sidfrablv mhances the success of the orperiment. the main stand can be made to tum on Hie tripod 
and is adjustable bi| leoelUng scrtws. the toire flgures are made of aluminium and tipped witli 
siltier; ttie flgures include a simple quadrangle, a double astaHc Square, a wire ardi, a solenoid, a 
coil of wire, a mercuni cup witli noo concentnc rings and a partiHonal mercuni cup. 




Tig.43. 

RoUroni (lct4 ippirattts. Fcrrirls's coli for two-phasc currcnts. 

34. 19 ein hold 's Rpparahis for DemonstraHng Itoo and three-phase Currents. 

Tigs. 43 to 46. this appararus is beauHfullii adapted for all orperiments uiith two and Hiree-phase 
currents. the current is supplied bi| a few accumulators or Bunsen cells and transformed into tuM»- 
phase or three-phase altemating currents. this current is passed through a Terraris coil or tesU 

rings and there imparts a si|ndironic rotatory mooement to magnet 
needles and iron disks, or asi|ndironic rotation to an iron ring wound 
with copper wire. the lines of force of the rotatoni Reld mau also 
be demonstrated with the aid of a glass disk upon whidi iron nlings 
haoe been sprinkled. 





Tig. 44. 

Terra ris thrcc'phase coiL 



Tig. 45. 
ItiXä thrcc'phase rln^. 



Tig. 46. 

Icf la riB9 for hvo-phiie cvrmt. 
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35. Model of an Rstindironic Ihree-phase Motor. rig.4T. 

36. Model ofa Siemens Drum Rrmahire. 719.4$. this 



model demonstrates the mode of toinding the armahire. 
is made to rotate bi| the passage of a current. 



the lattfr 




Tig.4T. 



Tlg.4$. 



3T. Secondaru Batteru for coUege use. rigs.49 and 50. this battmi is flUed toith a stoitdi, 
by means of tohidi the cdU can bc coupled up in multiple arc, in groups and in series. R batteni 

of Sil cells supplies at the user*s Option a cur- 
rent of 2 oolts and 24 amp^es, or 4 oolts and 
12 amp^es, or 6 oolts and $ amp^es, or 12 oolts 
and 4 amp^es. the cells are contained in a 
polished bof, the badi of whidi can be opened 
so as to inspect the cells. the battery is 
dtarged etther from a continuous current plant 
with the interposition of a lamp resistance or 
bv three Bunsen cells. 




Tig. 49. 

Trollt vieio. 




Tig. 50. 

BaA oino (opeiicd). 
HrAa&ics and Opttcs. 




Tig.5t. 



14 
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38. Selenium Cell rig. st. thls cell dniumslrates in 
a beautihil manner Ihe diminishing influence of light upon 
Hie resistance of selenium. lOhen three dry cells, Ihe se- 
lenium cell and a sensitine electric bell are joined in a Cir- 
cuit, Hie bell sounds wheneoer Hie coner of the selenium 
cell is opened so as to eipose the latler \o the acHon of 
the sttn*s rai|s, but it ceases ringing as soon as the lid is 
closed. 





Tig. 5J. 



Tig.55. 



39. Zickler's Tube for Photo-electric lelegraphii. rig.52. Zickier*sphoto-eiectricmethod 

of telegraphii is based upon the fact that in a spark gap the spark passes in the presence of ultra-oiolct 
radiaHon and ceases upon its remonal. the spark gap is enclosed in an erhausted glass tube haning a 




Tig. 54. 
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auartz toindoto at one fitd. A motiable quartz Itns is fltted in front of this toindoto so as to collect 
^e ultra-oiolft rat|s on the cathode. 

40. MacFarlan Moore's Dacuum Dibrator. 7(9.59. thu is a piatinum oibrator m- 

dosed in an erhausted glass tube. the oibrator is set in motion bi| an electromagnet. Currents of 
a oerv hioh potentiat are induced toithin the electromagnet by reason of the interruptions and the 
setf-inducrion of the coil, the potential being sufflcientli| tntense to render oacuum tubes incandescent. 

4t. Rpparahis for Demonstrating Marconi's Uireless lelegraphij. rig.94. thetrans- 

mitter consists of a Righi radiator, the receioer of a sensitive coherer, a batterv of four dry cells, a 
polariied relais and a hnodier. Both the transmitter and receioer are contained in a portable case 
lohidi can be opened at the top and at the sides so as to render the apparatus accessible. 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



3. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Adolphsbrücke. 

established tT96. 

Optical Institute: Spectrum Rpparatus, Prisms, Photometers, Projection Rpparatus, 

Sciopticons, Cantem SUdes. 

(See also SectionsVa, Vb and Vd.) 

t. Colorlmeter after C.H.Wolff. Tig.t. 

2. Colorimeter toith Cummer and Brodhun's prism. Tig. 2. 

3. Polarization Colorimeter toith Orosse's prisms. rig.9. 





Tig.!. 



Tig. 2. 
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4. Ridiard WüUer-Url, Brunswick, 

t9 Sdileinitistr. 

Maker of Phi|sicat and Chemical Cechtre Rpparahis. Instramnüs and RppUances fbr 

Scientific and tedinical Caboratories. 



• ••■ Mm««. 






Tig.!. 



Tig. 2. 



TI9.3. 
ri9.4. 



t. Prof. Vi Mdller and B. Schmidt's Rpparahis for IttustraKng Otctrical by Rir 
CurrtntS. Reg. in ecrm. no.U2,$3l. idtsdirift »r dm physitulisdicn und dinnisdien Untenidit 
t$f f. Tlo. l.-^Programme of the Ro|^l dymiusittm al lOunen, Caster tm. the objed oT Hiis tpsanhis 
is to iUustrate vy concrete means Hie Uns subsisHng behoeen Hie phenomena of Hie strenoni of a 
current, resistance and electromoHoe force. the apparahts is a rapid and complete aid in rhe for- 
mulaHon of clear fundamental noHons, and Hierebii radlitates Hie adtiance, loiHiin a limited period, to 
the deeper and more complicated dupters of the subject. Fig. t. 

2. Charles R. Cross's Dacuum Scale, on spedal stand, as descHbed in Hie ieitsdurift für 
den physikalisdien und diemisdien Unterridit Dol. 12. Tlo. 4, being a series of sif tubes gioing a dear 
noHon of the progressive rarefaction of air as obseroed in the tube connected with the air-pump. 
the foUowing phases of rarefacHon are demonstrated bi| their duracteristic phenomena, oii.: 1. 40miii 
pressure bi| a luminous thread (delaRioe); 2. 10 mm pressure b^ its dissoluHon; 3. 6 mm pressure 
by the producHon of a 6eissler oacuum; 4. 3 mm pressure bi| straHflcaHon; I. 0.14 mm pressure by 
the producHon of a tesla oacuum; 6. 0.03 mm pressure bi| the production of a Croohes or Röntgen 
oacuunu the stand is adapted for demonstraHng the tubes botn conjointlii and consecuHoeli|. Tig. 2. 

3. Rdntgen Tube loitti Caterallii Distanced Ruiiliaru Rnode CRefUchir). Reg. in 6erm. 
Tlo. 115,414. Being a combinaNon of a cylinder and cone it can oe brought mudi nearer to the object 
than the other tubes novo in general use. the tube can be used with weah currents onlu. It gibes 
ercellent results wiHi a current of l ampire and 10 h) 16 oolts (as obtained with an inducnon coil of 
10 cm sparhing distance). Tig. 3. 

4. Cenard Tube for ObserDinothe CfTect of Cathode Rays, wiHi oround-on oacuum diamber, 

readii for eoacuaHon. Annalen der Phusih und Chemie TIT. 1664. the rore-dumber admits of ob- 
seroaHon both in oacuo and in Spaces nlled with ani| gas. this tube is also made loith a ground-tn 
cathode so as to admit of the interdunge of oariouslii rormed electrodes. Tig. 4. 

5. lesla rransformer lOithOUt OU-isOiation, modilled after eister and eeitel this am- 
shruction oboiates the inconoeniences attending the immersion of the appliances in oil, whitst in acHon 
it is considerablu more powerful. Bt| its simple, solid and accessible form it is a oaluable and interesKng 
educaHonal insfrument. A series of beauttful oacuum appliances has been spedallii conshructed for 
this inshrument. Tigs. 5 and 6. 

6. Rud. Frankens Dacuum rransformer, for altemaHng currents of xxr^ high tension and 
small intensitv. AltemaHng currmts are transformed into conHnuous currmts on the prindpte of 
Holti*s tubes with bUnon-in glass hinnels. Tig. T. 

T. Dacuum Dibrator and CuminotlS Tubes after macTarUnFloore. Elehtrotedinisdie Zeit' 
sdirift 1696. the intemtpter being transferred into the oacuum space the f^uenqi of the intemtpHons 
is considerably increased and scarcely any power is required for heeping up the osdllation. there is 
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Tlg.5. 





ri8.6. 



TI9.T. 




no secondaru toinding on the electro-nugncHc bobbin. the light of the vacuum hibes requirts onli| 
the 30 th pari of the entrgii nfcessitated b^ an incandescmt lamp of similar luminosih|. ^^ tohole of 
the connecHons are eiposed to Qieto. Tig. S. 

8. Ihomson's Dacuum Tube for Secondary Cathode Rays in the shape of adoubu 
W. the tube is of great interest for the studv of the phenomena of disdiarges in high oacuum tubes. 



Tig.f. 



Tig.tO. 






Tig.tt. 



Tig.lJ. 



Fig. IS. 



9. Clster and 6eiters Dru Pile toith intensifying screto, Suspension stand and pole-needle 
for shortening the coiumn. If carefutlii treated the piie toiü endure for an unlimited period. 1t should 
be kept sitspended in a dry room. 1t displai|s of all piles toith copper and linc elements the highest 
ooltage (up to 450 oolts). Tig. 9. 

10. Dolezalek and nernst's Dry Pile. ZeitsdiriftfQrElektrodiemielll.t. the copper and linc 
elements are here replaced bi| a combination toith a potoerful depolariier (electrolt|tic peroride of lead 
and tiit). Its potoer is ertraordinarilti high, tensions of mant| hundred oolts being obtainable with 
piles of^small thidiness. rig.tO. 

tt. BoUtOOOd's nercurial Rir-pump with automatic mercury eleoator, preliminani suction, 
oacuunt gauge and stand, the best of modern circulating pumps. rig.t1. 

t2. Branly and Marconi Coherers. 

15. Serial FiUing Pipettes after Prof. Dr. Hugo Schultie, for accurately and quidilti measur- 
ing off Solutions in continued series of analt|ses of one kind. this form has prooed eminentlti useful 
in larae laboratories. the apparattts has hoo flne glass-codis, a reserooir of t to 2 litres capacitti and 
hoc iTtubes for drying the mflowing air. rig.t2. 

14. Rapid Sterilizer for Bandaaes, with double jadiet and concentric double stoHng water 
oessel. Reg. in 6erm. Ho. 3$,2tT. the sfeam current is maintained at 100*" C. in all regions of the internal 
(hamber (50x20 cm and 60x25 cm respectioelti) bt| the rising heatino gases in the double casing. the 
consumption of water being oert| small, the apparattts is aoailable ror continued ttse. Tig. 15. 

15. Set of Prof. Dr. Reinke's Ihermometers and Rreometers and appUances for agri- 

cultttral dtemistry and fermentation laboratories. 



Digitized by 



Google 



2t4 SecHonVIll. 



5. Julius PintSdl, Berlin 0., 72/73 Rndreasstr. 



MKL 



6Ülcher'S rhrnno-elechlc PUes heated by gas. ParttcuUrtt) 
adapted as current gtntrators for toorking inducHon coils in conmcHon 
toitn Röntgen erperiments, kc, 

theu are ercellent substihttes for gabanic cells, since they possess 
the following adnantageous reahires:-^the 6.Fl.r. is constant; lirtle gas 
is consumed, white tne efftciencu is nery high; there are no himes or 
smett, and interruptions in worktng do not occur. 
Rgents for Trance: Messrs. S. 6rauer k Co., T4/T6 Boulevard Ridtard £enoir, Paris. 

- Belgium: Flessrs. S. 6rauer k Co., 2/4 rue de la Roue, Brüssels. 

- England: Flessrs. 0. Berend k Co. Ctd., Dunedin House, Basinghall Roenue, Condon, CC 



6. 7r. Schmidt & Haensdi, Berlin S., 4 staiisdireiberstr. 

OpHcal Uorks. 
(See also Sections Va, Vb and Vd.) 

ICtie colorimeters, Uke all other Photometrie appliances, include hoo essentiallti dilferent parts, oU. 
an element for comparison and a measuring or moderating deoice. In the colorimeters the comparison 
element consists generali^ of two Tresnel parallelepipeds and a lens haoing the line separating the 
comparison fleld in its focal plane. In the measuring deoice the same fundamental idea underlies 
the construction of all colorimeters inasmudi as the two comparison flelds are illuminated through 
the substance of two absorbino strata, the depth of one of whidi can be naried until both flelds appear 
to be eouallti briaht and similarlti tinted. 

the delicacy of the adiustment is considerablu enhanced if onlu sudi light is allowed to readi the 
comparison flelds whidi is powerfully absorbed by the fluid erperimented upon. this requirement is 
realued by combining the colorimeter with an apparatus for spectroscopicallti decomposing the light. 

the erhibits include:-^ 

t. Martens'*) Colorimeter with Cummer and Brodhun*s cube adapted for use in con- 
junction with spectroscopes fltted with a waoe-length scale. 

2. Coloritnttcr with tuiin comparison prism for use in conjunction with spectroscopes fltted with 
micrometers for measuring waoe-lengths. 

3. Wartens* TletO Colorimeter. the comparison element consists of a twin prism (see 
Section Va, llo. 5 a) and has ooer the usual appliances consistina of two Tresnel prisms the grat 
adoantage of causing the separating line between tne two flelds to disappear altooether, whidi matenall^ 
enhances the rapidini and delicacy of the adjustment. the erperimenter looks Through the comparison 
apparatus in a noriiontal direction. the measurements are made b^ raising or Unoering a oesscl con- 
tainino the liquid under eramination with respect to a stationär^ Immersion tube bu means of a radi 
and ptnion movement. R millimetre scale shows the thidiness of the Stratum, tne nessds mau be 
surrounded bu a warming arrangement. Selectiueli| absorbing glass plates orCandolt*s light-fiUcTS 
may be sUd (nto the focussina lens in order that onlu sudi rays may readi the eye whidi are largely 
absorbed bu the fluid. Solurions are best compared with a Solution of a knoton degree of concen- 
tration of tne same substance hauing a constant depth. 

4. netO Spectrum Colorimeter, diirering from no. 5 only in that the light is decomposed spec- 
troscopically. the telescope can be tumed by a micrometer screu) round a horiiontat aris for the 
purpose of adjusting and measuring the waue-length of the approi imately homogeneous light proceed- 
Ing from the comparison flelds. 

5. XitW Colorimeter fltted with Cummer and Brodhun*s cube, othenoise similar to Ho. 9. 

6. Stammer's Colorimeter fltted with Tresners comparison prisms and oerticat lens. the 
greatest depth of fluid is 350 mm. this colorimeter is principally used in conjunction with Standard 
glasses for the eramination of petroleum. 

I ScicnHflc opHciiti of (hc (Irm. 
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IX. Drawing and Calculating HppUances. 



t. Rrth. Burkharde CitjU englneer. 
Glashütte, Saxony. 

Post and Telegraph Office, and Station on the Nflglitzthal Railuay. 
First 6erman Calculating Madiine Factory. Naher of Instruments of Predsion. 

estabtished tSTS. 







G *> e p 1} fi f} f> O O f) o fij o-oj 






Ji^f^r 



jhf'P'ivri 




CalCUlatina Madline mbodtiing the Utest improonntnts, Tor Rddition, Subtraction, FluUi- 
plication, uitiision, Potoers and Roots. the madiines, of tohidi otier 1,000 are in achial use, 
natie repeatedlv been atoarded national priies, gold and siloer medals at home and abroad. 

the Instrument is made in the most eract manner under careful superoision in three siies: 

1. Six flgures, factors of 6xT flgures and product of 12 flgures 

2. eight - . - Sx9 - - . . 16 . 

3. ten - - - 10x10 . - . - 20 - 
Repairs are scarcelv euer needed. Splendid testimonials. 

these madiines can be fonoarded by post and are supplied toith a two years guarantee. 

Price-lists mai| be had free on application. 



2. 6ustat) Charitius, lOeimar. 

Medianician and Optician. 

f. Planimetrie Compasses no. t. these work absolutely uniformlti and freeltj, and there is no 
plai|. the Steel points are carefuUy hardened and are made slender so as to cast scarceli| any 
shadoio. 
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2. Planimetrie Compasses no. 6 IWed toith adjustabte stop for ctrtain posiHons of Hie poinls. 

3. Planimetrie Compasses TlO.tS. Similar to no.e, fitted loith stop corresponding to taomm 
bettoeen the points, and toith counHng loheel indicating hoto many times tOO mm haue been measured off. 

4. Pantograph Ho, 3. the pole of the instrument is placed upon a pin projccting from \ht ac- 
companying steel uice, lohidi is clamped to the table, the arms are adjusted with the aid of the 
dmisions marhed upon them. For reductions the dratoing pin is placed betxoeen the pole and the 
tracing pin, and amplifications are obtained by interdianping the draioing and tracing pins. Ihe tracing 
pin is clamped by a lateral pin, lohereas the draioing pin fits loosely in a sleerie so as to drato by its 
oion toeijht. For merely diüiding off, the lead should be replaced by a needle. Ihe latter should be 
scretoed in so as to place its point a short distance aboue the paper, and the punctures are made by 
depressing the large orass button aboue. For this purpose the milled spring casing should be scrnoed 
itpioards as far as necessary. 

Ihe numbers appended to the aboue Instruments refer to the firm's catalogue. 



3. R.W. Faber, Stein near fluremberg. 

t. BonüOOd Slide-rules lüith 6lass Slide. Fig.t. this slide-rule soloes mith the greatest 
ease any of the foUoujinp problems :— the ordinary arithmetical Operations, multiplication and diüision, 
calculation of ratios within three places of decimals, calculation of interest, areas, nolumes and 



|lin|llH|Hii|iHi|iih|iMi|lll!|iHi|liiTpT 





Fig. 2. 



Fig.l. 



weights, It is also adapted for tedinical calculations, trigonometry and logarithmic 
ujork. 

this slide-rule, whidi bears the German patent Ho. 9 $,550, is fitted with a lateral 
spring ledge tohidi presses euenly upon the slide, thereby preuenting it from working 
too loosely or too lightly, so as to facilitate the adjustment. 

2. Draiüing Rules. Rny of the rules are dioided, to Order, according to the 
metric, English or Russian Systems. Ihe metric scales are diüided into Vi or Vä mm, 
English indies into V32. ^be Russian into sag^nes and ardiines. These scales are 
made of sycamore or bonoood, with or totthout brass ledges, toith metal knob or 
round wood handle and comparison scale. 

3. Scales. Fig. 2. These are made of unstained polished bonoood, they are 
triangulär in section and bear sir ratios, oi2. 1:1,000, 1:2,000, 1:2,500, l:$00, 
1:1,250, i:i,500;al5o 1:5, 1:10, 1:15, 1:20, 1:25, 1:50, t:55Vf, l:40, i:50, t:l5. 
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4. 6ritnme, Tlatalis & Co., Brunswick. 

Syndicate. 6stablished 1864. 

t. rhf Brunsoiga CalCUlaHng nadlitie. li0.th.Odhner's patent automaHccalculaHngnuMhine, 
kiunim as the ''Brunstiioa CalculaHtiü madiintr has bent atoarded prUts on seofral occasions, e. 9. at 
Hie ititemational eihibinons held ar Anhoerp, Brüssels, Chicago. U is adapted for all fundamental 
Operations and their combinations fe. a. catculation of intaest, potoers, roots, series, equations, 9tc.), 1t 
seroes as an aiuriliani for general dailii use in Heu of the fatiguing process of mental calculation. 

Its use does not inooloe the necessitii of long preliminarii practice. A few minutes 
sufftce to familiariie antjone with its use. 

Rfter setting the gioen numbers entering into the calculation upon the cooer with the aid of the 
small projecting teoers, further Operations consist eiclusioelii in tuming the cranh and sliding the 
krtoer number-oof in certain cases. the flgures are alwaiis in sight and the apparatus notes auto- 
maticaltii the number of crank monements. 1t is therefore almost impossible to commit an error; 
should this neoertheless occur it is onli| necessary to tum the crank badi to the point where the 
mistake occurred, but there is no need to retrace the entire calculation. 




this handii apparatus is small enough for being placed on anu ordinary table. Its medunism is 
oeni simple, all fts parts are solidlv constructed and scarceli| suoject to wear and tear; repairs are 
Hierefore rarely required, as eiperience has amplv testifled, many thousands of these instrumenfs haoing 
been in use for years. 

Fladiines A and B are fltted with a bell whidi Signals the impracticabilihi of any eicessioely large 
calculation. 

the Brunsoiga machine is made in three siies:-^ 

SiieA, ertra large (3Tcm long) with bell, is aoailable for unusual calculations; ithasf places 
for the fundamental number, 10 places in the small and 1$ places in the large number-bor. 

Si2e B, ordinary pattern with bell, 23 cm long, with f places for the fundamental number, 
s places in the small and 13 places in the large number-bor. 

Si2e C, small pattern without bell, aoailable for all calculations occurring in the counting house 
and anhitect*s Office, 23 cm long, with T places for the fundamental number, $ places in the small and 
10 places in the large number-bor. 

2. Rdding nadline. this madiine works out medunically the addition of numbers and long 
columns with ertraordinary rapidity. 

Rdding Flachine Tlo.t is aoailable for the addition of numbers of one to sir figures 
and for rotals up to eight figures, e. g. 999,999.99, Machine no.2 is aoailable for the 
addition of numbers of one to fioe figures and totals up to seocn figures, e.g. 99,999.99. 
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the opfration is accomplishcd ln| deprtssing kfi|s, as in a hipetoritfr» and bv a crank-mooement. 

the numbtr so marked appears al the front of thc madiine, thus shouiing that the correct kqi has 
been depressed, tohidi is a oreat adoantage possessed bi| this madiine oocr ottiers. Rni| error madf 
prcoious to the rotation of rhe crank can be corrected. the totals appear on the madiine abooe the 
keV'board. €adi item is printed on an automaticalli| moned paper ribbon in a vertical column, so as 
to fiimish a copi| of the addttion. the sum total is placed beloto this printed column. 

the madiine Is particularlti useful in those cases tohere it is required to ertract for addition oarious 
items out of an entire column. 

the use of the madiine does not inooloe the necessitv of continued practice, and the ke^s are de- 
pressed without elfort. 



5. Christian Hamann, Triedenau near Berlin, tTHedwigstr. 

Philosophical Instrument Maker. 

t. Curoe Tracer for describing targe circles. 

2. R Set of freouentlll USed Border Stamps for rapidtn describing, in IndUn ink, cirdes 
and Squares round a gioen centre. 

3. lichu's ladieometriC Plotter lltted with disk guides in lieu of conical wheels. the centre 
does not require Perforation, the circutar graduations are read bt| means of a guide rotier. 

4. ladieometriC Plotter with needte in the centre and graduated wheel. 

5. Contouring Scriber, for ptotting contours. See Zeitsdirift für Dermessungswesen t$9$. p.350. 

6. Coordinate Planimeter. See Zeitsdirift für Dermessungswesen t$9$. p. $53. 
T. Polar Planimeter for small areas. 

8. Polar Planimeter with zero constant. 

9. Prijtz's Beam Planimeter with wheel and tnking päd instead of a biade. 
to. Momentum Planimeter on Jakob Rmsier^s principte, but modifled in detail, 
tt. CalCUlating Madiine wtth one interpoUtor onlt|. 

the whote of these instruments betong to the Oeodetic Cottection of the Roi|al 
Agricultural College of Berlin. 



6. Clemens Riefler, Tlesseltoang and Munidi (Bavaria). 

mathematical Instrument Uorks. 
(See also Section 11.) 

Mathematical and Drauring Instruments for all technicai purposes. 

the most important drawing instruments, in addition to the drawing pens, are compasses with 
needles, pencil, ink and hair spring boivs. 

RH these instruments are made on the ct^lindrical system introduced by this firm in tSTT. 
the cylindrical form of bodi| possesses so many advanta^es ooer the older and polugonal pattem with 
triangulär points, that the latter is gradually disappearing, and now that the original patents liaoe 
eipired the majoritv of other firms haoe Ukeioise adopted rhis System, the shanks or these in- 
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Ti9.t. 



Tig. 2. 



Ti9.3. 




Ti9.4. 

strutnents art ci|Hndrical (Fia.t), the steel points conicat and attached bi| a screto, 
not mtrelu soldtred, so as to rendtr thfm renaoable. the ink and pencil botos haoe cylin- 
dricat ptns Hghtlti RtHng the shanks so as to render clamping screms unnecessary. the joints 
mooe benoeen screto-centres absolutelti uniformlti, toithout oadi lash. 

the erhibits include a great oarietv of dratoing pens, toith and toithout tum-up nibs, double 
pens, curoe pens, tripte and bordering pens. In addition to these, attention is drawn tonew 
drawing pens with micrometer set screw and lateral nib turning up without alter- 
tng the setting of the breadth of the line (Fig. 4). 
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Tig. T. 



thfrt are also pocket compassts toith and toithout needle (Fig. 2), ink, pencil and 
pen botos (Tig. 3), and hair-sprina bo tos (Fig. 5), proportional and beam-compasses, 
rriplt pointtd compasses, map dtoidtrs (Fig.6), r — -. - 



for pridiing olf distances on maps and ptans, 
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protractors tolHi and loiHumt alhidada, scalts toithand loithout hratiSDcrsats, opisomtters tot 
measuring curties, dioiders for trisecting angles, sectional ruling apparatus t^ig.$), 
parallel rulers, sUde ruUs, tlUpsographs (Fig.T) of Qarious forms, and seofral other alUed 
mshitments. 

As a contribuHon \o the outsHon of the decimal dinisionofthecircle, aprotractor dinided 
in Hiis nunner toUl be found among the eihibits, although it appears for senfral reasons to be ad- 
oisable to rttain Hie customaru dintsion of the circte inlo 30(r and to dioide eadi degree decinullv into 
100 minutes and eadi minute tnto tOO seconds. 




Tig.$. 

If, hoioeoer, it be desired to establish complete agreement behoeen Hie circle dioided in angular 
measure and Hie hour circle (as set forHi in the remarks respecHna the erhibits comprised in SecHonll), 
it toould be necessary to dioide Hie circle into U degrees and eadi degree into tOO minutes and tOOx too 
seconds. the pro tractor referred to is intended to illitstrate this mode of dioision. 1t possesses as an 
instrument for setHno out anales certain practical adoantages, since it admits of angles being drauin 
loiHi ease and accuratelii within t minute or the y^m part of the ctrcumference. 



T. 6ebr. Widimann, Berlin N.W. 6, t3Karistr. 

DariOttS Zero Compasses and Dtoiders, the legs of the Utter being made ofone pieceof Steel 

RedUCitlQ Compasses haoing their points set olf at right angles to facilitate the process of gauging 
and final adjustment. 

Dratoing Compasses of oarious si^es prooided with ball-headed Joint, the heads are flHed wiHi 
sltms^ and are made of the toughest solid rolled 6erman siloer wire, but the points are made of the 
finest sieel. the spherical head shows in any posiHon of the legs a completely circular Joint. 
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Beam CompasstS. Cadi bor is made ofontpiectof rolled 6erman silofr, and bending of the 
dieeks of the boies bi| the pressure of the clamping screto is almost etiKrelii obuiated. the micrometcr' 
screto is of a simple, improoed form. 

Draioina Pens for Straight and Curoed Cines. eoeni pen is made of one piece of best 
Steel, and ntted either loith a transnerse or pressure screw, or it is made adjustable bi| a nuraable 
wedge. 

Gast metals are not used in ttie manufacture of ani| of these instruments. 

omomomomomamamamamamamamamamamamamamamamamomomomommm 

8. Rd. Ztotckert, Kiel, 25 Dänisdiestr. 

Optician. nedianician to the Royal Physiological Institute of KieL 

6old Fledat and Dtpioma: Kiel t$9(. 6old Fledal: Brüssels tS9I. 

(See also SectionVII.) 

Prof. Hensen's Orthoplanimeter, belng an Rmsler polar planimeter with whidi can be 
combined another fired arm with a roller. the construction of this Instrument is based upon the fact 
that hoo strictlt^ parallel rollers placed one after the otlier are compelled to run in a straight Unf 
so as to resist any intentional attempt to cause them to deoiate nrom their rectilinear paik the 
apparatus is equipped with complete means for ensuring the parallelism of the rollers. By a special 
stghting apparatus the centres of punctures are located with great accuraq;. Straight lines an be 
measured and drawn accurately mithin 0.0$ mm. the Instrument can, therefore, be used for measuring 
and mapping out curoes, for graphic Interpolation and eoen for correctina curoes by means of rrct- 
anaular co-ordinates, especially in sudi cases where ruled paper cannot be used or does not fumish 
surflciently eract results. 
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X. RppUances for the E^amination of Materials 
and for Special Purposes, Special Tools and 

Riufiliaries. 

t. Frit2 flndr^e & Co., rtmited. 

Berlin S.O., 3 Skalitzerstr. 
Idorits: tempelhor near Berlin, Ringbahnstr^sc. 




Tig.!. 




Tffl. i. 



t. Cathe ChudlS, toith sdr-ccnträng and acnth'ic grip. 
2. Self-centrdng Drill Chudi. 

these dtudts are a speciaUhj of this firm and may be made \o ordcr in modified forms to meet 
aisHng requiremmts. 

2. Hugo Bieling, Steglitz near Berlin. 

r^edianictan. 
Specialihi: Standard Gauges and l^etric Screto-cutting Tools. 

t. OfRciallii Crrtified Standard Screto-bolts and Tluts: singie er in sets of t$ Rtted in 
case (Fig. 2). 
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2. Stodi and Dies» nie Uttrr mooiiig along qpUndrtcat guidc-rods. Tour siics (Fig.!) totHi qutA- 
opcning lodt These stodis and dies are oeqi conoenient and nude of steet in Hie best possible nuuiner. 
Ine dies are cut by the tatest methods and loith the greatest care. 



c 



i^äK 



Flg.!. 






Tig.l Fig. 3. 

3. Mied ttoist-drills. 

4. Cutting Tools, cutting well and corrcctl^. 

5. SpirallH tnilled Rose-bit with perfect cutting edges up to the point (Fig. 3). 

6. aodl'toork Regulators, of oion design. 

Special Price-list of Screto-cutting Tools and Standard 6auges. 



3. ßustau Halle, RUdorf near Berlin, 53 Hermannstr. 

naker of Scientific and tedinical Inshiiments of Predsion. 

(See also Sections Vb, Vc and Vg.) 

1. Double Calipers (outside and inside), made of aluminium. 

2. Hand Calipers for outside measurement, made of aluminium; weight 12 g. 

3. Circumrerential Gange, or 7r-compasses, made or steei 

4. Diagonal Calipers, made of steei. 

5. Pentagonal Calipers, made of steei. 



4. Wilhelm Handke, Berlin N., t2£ottumstr. 

Iraker of Inshiiments of Precision, 



t. Pendulum Qodl beaHng seconds. 

2. Ctirono-chromograph, registering in type eoery tenth second. 

3. Chronograptl with electrical drloing movement and release. 
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4. Key loith itidicator for concurraiHn drioins, registering and releasing the hoo preceding inshii- 
metits. 

these inshumoits serve conjointly for registering and measuring Hme in sporting contests. 

the seconds braten by ttie pendulum ctodi are marked by contacts upon the tape of the registtring 
mshiiment lohidi also notes eadi internal of 10 seconds by imprinting ttie numbers 1, 2, 3, 4, $, 6, 1 
neit to ttie second points, so as to facilitate ttie time reading. 

the dironograph seinjts for announdno ttie loinning time. It is set in motion by a triple contact 
of ttie second tumds, stopped and brought badi to **0. 

tlie ken is for ttiis purpose pronided loith a drum indicating ttiese ttiree monements bv ttie inscrip- 
tions "Or "Start.- "Stop.* and after making ttie contacts "Start" and "Stop" is anailable for any other 
registration tohile the dironograph remains shunted out. the latter is not put into circuit until the 
drum retums to "0." 

the adnantage of this construction consists in the absence of the necessity of dunging the connections 
white watdihig the enents. 



5. H. Hommel, Mainz. 

nakfr of 6au9e Tools of Pftcision. 
Tdorks: Idanorrk, Obtrstein-on-the-nahe. 

Superfine CevtlS. the casing is made of grey pot-metal and fitted with ground precision aether 
leoeis cast in sulphur, with accurately worked edges and finlshed soles. the lenels are parallel longi- 
tudjnally and the warranted degree or accuracy can be nerified. 




Tig.l. 

1. Horizontal Ceoel for ShafHna, with v-sole and transnerse bubble. Cminently adapted for 
Workshops and for use in erecting planrs. Tig. t. 




Tig. J. 



2. Urrtical UveU with horiiontal and oerHcal bubbUs, nisible from all sides, fitted with correcHon 
saeios, loith smooth sole or v-groone. Tig. 2. 

3. tlntoersal Frame Ceoel with adjusting screws. au four sides of the h^on frame are scraped 
accurately at right angles to eadi other for use in horiiontal and nertical positions and as a set-square. 
All four sides are v-grooned for use on round bodies, stiafts, 9fc. Tig. 3. 

4. Cotnbincd Ceoel for crank-plns and shafts. v-grooned iongitudhially and at right angles to 
the length. Tig. 4. 



ffcdunics and OpHcs. 



13 
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Flg.1. 



Flg. 4. 



5. CrecHng ttütis wiHi v-groooed solc and fransocrsc bubble, in case; consisHng of a fool of 
grcu pot-metal and a detaduble hibular tcoel t$Onn long, for UsHn% ocrticat shaflitag. bearmgs, 
cylinders and surfaces, also horiionUl bcarlngs and surfaccs. TI9. 5. 





FI9.J. 



Fig. 6. 



6. Frame Cnel wiHi four toorked'surfaces. All four sidts of Hic Square are cqual and hcnce 
the samt degree of accuraqi is obtaincd in side Uoelling as toith horiiontal use of Hic Icod. Fig.s. 





Fig.1. 

T. Qinotnttrr Cntl Fig. T. A useful Us\ for pipe laning, canal and earth toortts. Ihe Icod 
is aacUy 1,000 mm long and, thanks \o i\s ardied form, it can be made to clcar obstacles, sndi as 
flanges or sodiets, tohidi is a ocni important feahire. 

S. Cngineer's Podiet Cnti^ made of aluminium, weighing 60 g onli|, durable and handn, pro- 
oided with flnel^ ground and oery sensiHoe aettier leoel. Fig. I. 

9. Caliprr Squares of steel, slmpln and aactty made, accurateln dioidcd, adapted for nicc worliers. 
lodi-makers and smilhs. Fig. 9. 

tO. Caliper Sottares of steel, of stouter make than Tlo.o, and more highln finished, with 
'dened Ja»s, slider wlHi brass sliding ships, adapted for metal htmers, enghic Alters and 



hardened Jäios, 
medianicians. 
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Fig. 9. 



Fig. 10. 



tt. Podiet Caliptr Square, nude of cast steel, forged in one piece, toith hardened ends for in- 
side measurtments, loith adjusUble slider. this is a most useful pattem. Fig.tO. 







Fig.n. 



12. Ttne r^tcrometrr Caliper Souare, graduated in the most aact manntr and carefully made 
from acellent nutcrial. lOith micromeffr scrao, adapted as a Standard gauge, loith stopped jato ends 
for inside measuremoits. Fig.tt. 

13. Ftne r^icrometrr Caliper Square, carefuU^ made of best cast steel and accurateln graduated. 
rhe end and sliding jauis are forged and the slider is pronided loitli a micrometer foUoioer. Figs. 12 to t$. 




Flg.lJ. 



Fig. 13 



Fig. 14. 



Fig.!J. 



14. r^icrometer Calipers, Ftg.t6, adapted as Standard gauges for evact measurements. Iheboto 
is made of cast steel, the screto of the best siloer steel. the latter is cooered so as to eiclude dust 
and dirt. the boto-pin is fitted toith a regulating nut so as to take up badi lash. the screto has a 
pihh of 0.$ mm and reads to Vioo mm. 




Fig. 16. 
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15. r^icrometer Calipers wiHi tong scrnos tolHumt caUbraKng bodUs, finetii and accuraldv madr 
for gentral toorkshop use. the boios are round and made of forged cast stcel, Hic micromcter scmo 
is madc of ttie best siloer steel and coocred so as to preoent the access of dust and dirt. the screio 
has a pitdi of t mm and reads to Vim nn* 

16. r^icrometer BotO Calipers with large span, Tig-tT, with sprtng reguUtor. this gatige is 
adapted for measuring the stoutness of tubes and other hotloio bodies, for gauaing the thidmess of 
Cardboard lids, paper, metal sheets, teather, India rubber, asbestos, or an^ other hind of plate or 
holloio body the thidiness of lohidi has to be measured a long distance from the edge. 

IT. Cvlindrical Standard Gauges, Tig. tl, made toith great precision of the best tempered 
cast Steel, toith projecting cylindrical ends haoing strictt^ circular faces. the ertreme ends are har- 
dened and are accuratel^ loorked loithin ^tjm mm* 




Tig.U. 

IS. Standard Internal and Crttmal Culindrical 6auges, made of the rinest special tooisteet 

and flnished in a olass-hardened condition. fucuraqi is toarranted loithin the limit of :i=0.00$ r 
at a temperature of 20* C. Tig. 19. 




19. Cnlindrical ftale and Tfmale Gange BoltS, made of the finest special tool steel and 
finished tohen glass-hardened accurately loithin 0.00$ mm. this gauge is principallti adapted for test- 
ing the interdungeable fittings of seioing madiines, typeuiriters, cycles, l^c, in fact any madiine parts 
made in large numbers. It also seroes to secure the necessarn accuraqi of all parts required to fit 
into eadi other. Fig. 20. 









Fig. 20. 

20. Standard l^etre Neasures. Accurateln made, loith accuratel^ scraped and stoned edges. 
One side dioided in millimetres bv fine lines. Being carefuUti Anished these measures are also aoail- 
able as rulers. Fig. 21. 




Fig. 21. 



Digitized by 



Google 



Section X. 



229 



2t. Standard Netre Neasuring RodS, t.OiOmm long, made ot tempered specUl cast steet and 
haoing a Square secHon of 20x20 mm. Tig/SS. 



Tig. 22. 

22. Surface Plates (cast iron Standard planes). Tig. 23. These surface plates are made of eicellent 
matertal haoing its surfaces absolutely free from flaios. A certain number of these is partlu finished 

and scraped and stored atoau for some nme so as 
to altoio of the equaliiation or internal strains. Pre- 
oious to their delioeni they receioe their final flnish, 
tohidi has been shoion bv erperience to be the only 
certain method of securing perfect accuraqi and at 
the same time ensuring a prompt supply. the sur- 
face plates haue unobstructed edges and three resting 
points and are rubbed symmetrlcaUii. lOhen finish- 
tng the method is followed of always scraping three 
plates together. 

^-23. Standard Surface Ptates. Fig. 24. For 

hiiing up the slide oaloe faces of locomotioes and 
other steam-engines. 





Flg. 23. 



Flg. 24. 



24. Standard Cast Iron Straigtlt-edoes, Fig. 23, so constructed as to ensure absolute guarantee 
that it will not undergo anu deflecnon. Iris scraped and stoned for truing up madiine parts of all 
kinds, for adhtsting hard-cast rollers and is aoailable in all cases necessitating the use of a sufRdentlti 
narrow and tight surface plate. 




Fig. 23. 



25. Standard Cast Steel Straigtlt-edge. Fig. 20. Ihis straight-edge is carefulln worked on 
all sides, accurateln scraped and stoned. Straight-edoes aceeding 2,000 mm in length are planed and 
prooided with 2 or 4 hand-slots to facilitate manipularion. 

26. Cast Steel Stralgtlt-edge, of the highest degree of precision and finish. the Rat surfaces 
are accurateln worked on the surface plate, and the narroui faces are accuratel^ scraped and stoned. 
Straight-edges haoing lengths beuond 2,000 mm are planed hollow and those ei ceeding 3,000 mm in length 
are prooided with 2 or 4 hand-siots to facilitate manipulation. 




Fig. 26. 
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2T. Finest Cast Steel Standard Squares» scraped and shmed on all faccs. T\q, st. 

2$. Finest Cast Steel Squares, tot mcdunidans. oeni eracHti worked on Ihe surfKC-platc and 
proDtded toitti accuratel^ saaped edges. 

29. Saew Centre Gauges toim micrometer scmo, rcading direct to Vim mm. Slirl: too to 
SlOmm. SUell: 330 to S,530mm. Fig.!!. 

30. Tlurting Tool tot mllUng round objccb. Fifl. S9. 

3t. Rn Rssortment of nuiing Uheels, toim holder. FI9.30. 



6. (jeorg RosenmüUcr, Dresden-Tleustadh 

Specialitii: Rnemometers for tedinical and Scientific Purposes. 

Cstablished 25 i|ears. 

Awardsr-'HaUe Uli: Bronie MedaL Brüssels Uli: 2 Silocr Nedals. Brüssels tl9T: 6old McdaL 

t. Rnemometer, counHng up lo 10,000,000 m mtlh 
diedi cord, in staut leaHier sUng case. Ihis anemometer 
is ertcnsioelti used in 6erman and Atishian mines. 

2. Rnemometer, counHng up lo 10,000 m, in 
wooden case. Chiefly used in ardiilechtre and in Hie 
ceramic trade. 

3. Rnemometer, simiUr lo no. S, tut larger and 
ertremelti sensiHoe, beino capable of measuring atr- 
currents of 6 m per mintire. 

4. Rnemometer, havlng its counHng medunism 
coupled wilh a clodi in sudi a manner Hut Hie latter, 
aboul V4 minule afler being starled, releases Hie count- 
ing medunism and stops il aacHn one minute Wer, 
afrer whidi Ihe clodi srops aulomaHcalln. £adi rcad- 
ing is, Hierefore, Hie eracl resuU of one minute. the 
clodi is self-ioinding and selHng. this anemometer is 
principallti used as a diedi Instrument and tor measure* 
ments in closed shafts. 
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T. Louis Sdioppcr, teipzig, 2t nrndtstr. 

Medianician 

and nanurachirrr of all Rppliances and Inshiiments for tesHng threads, Qoth and 

Paprr, and Rppliances for the Official &amination of 6rain. 




Ti9.4. 



Ti9.5. 



Fig. 6. 



t. Paper tesler for determining the strengHi of paptr. Tig.t. 

2. Paper TOeigher for determining the toeight per Square unit of area. Tig. 2. 

3. RutomaKc thidiness Gange, rig.3. 

4. thread Sorting Balance toith toinder for determining the gauge number. Tig. 4. 

5. Balance for determining the toeight of ctoth per Square unit area b^ the Suspension of smaü samples. 

6. 6rain Tester (Chondrometer), stationary form, for determining the quality of grains bi| their 
specific graoity. 

this firm undertakes the supply of the diemicals, reaaents, preparing and colouring media required 
for paper tests. All fibres and mii tures employed in the manufacture of paper are suppUed in the 
form of alcoholic miitures, comparison and permanent preparations. 

Complete OutfitS for tesHng Paper modelled on the requirements of theRonainechanical 
and Technical 6yperimental fnstitute of Charlottenburg tP^per testing Departments). 
6erman and other patents.-^Seoeral awards.-^Highest testimonials.-^Catalogues free. 
Correspondence in 6erman, £nglish, Frendi, Spanish and Italian. 
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$. Schott & Genossen, Jena. 

6la5S l9orKs. 
nanufachirers o( Glass for Scientific and Inditstrial Purposts. 

Ihe 6lass lOorks of SchoU 1^ Genossen toere founded in tl$4 and had Hieir origtn tn a labora- 
\ory establistied for ttie erperimentat füsion of optical and other scientific gtasses. The flrst laboraron) 
erperiments made in 1113 and 1114 in conJuncHon toith Prof. Abbe haning opened up faoourable 
prospects loith regard to ttie producHon of neio opticallti oaluable alasses, the undertaking toas sub- 
stanhally subsidiied by the Prussian 6ooemment for the purpose of erploihng ttie prelimtnary erperi- 
mental smelHngs on a commerciat scale, tohidi soon conoerted the undertaking into a financulty 
independent concem. 

Apart from ttie ordinary croum and flint glasses, the reoular manufacture includes a series of nno 
alasses, sudi as Borate and Baryta, Croton and Flint ilässts^ tohidi are ertensioely used bu all 
leading manufacturing opticians and haoe fumished ttie means for many improoements in ttie constnic- 
tion of optical instruments. Wt may mention among these:-'1mprooed adironutic microscope objectioes, 
apodiromatic microscope lenses, anastigmatic tenses for Photographie objectioes, telescope lenses lotHi- 
out secondaru spectrum, neto Zeiss prism binoculars (toith the aid of colourless prism gtass). Optical 
glasses free from internal tension are produced by a neio annealing process. 

In the course of time, the manufacture was made to include other glasses, so as to satisfy higher 
requirements than the usual commercial glasses. Among these may be named'.-^Jena Standard 
6lass 16111 (registered trade-mark: a red longitudinal Ihie), and Borosilicate 6lass 59111, for thermo- 
meters with diminished secondaru depression and an almost undiangeable lero-point. Ihe latter glass 
(59 111) resists fusion to sudi a degree as to make it adapted for the manufacture of high temperahire 
thermometers registerhig up to $$0* C. 

For laboratoru use: Jena Caboratory 6tass, capable of resisting sudden dianoes of temperahire 
and diemical action in an atraordinary degree. Boiling flasks, beakers, retorts. 6f plosion and com- 
bustion tubes, test glasses. 

Compound lOater-gauge 6lasses (6erman patent no.61,$T5) capable of resisting 
in a high degree sudden dianges of temperature and the soloing action of hot toater 
and steam. 

Jena Incandescent Gas-Iight and Petroleum-lamp Chimneus, resisKiu 
sudden dunges of temperature in a hitherto unknoum degree. These mimneys toiu 
stand, almost without erception, sprinkling with cold water while on the flame. 

the glasses made by the Jena 6lass lOorks, in as far as they are finished com- 
mercial articles, bear for the protection of the public the firm's stamp. 



arhibits: 

OpKcal Glass: Carge objectioe dlsks (up to 125 cm diameter) of ordinary croum and flint glasses.-' 
Carge objectioe disks (up to H cm diameter) adapted for the conshiiction of telescope objectioes with- 
out secondary spechnm.-^Polished plates of ordinary crown glasses, heaoy and heaoiest baryta-croum 
of hioh refractioe power, croum glasses of high and low dispersion. Phosphate and baryta glasses 
free rrom silicic acid, baryta liaht flints, ordinary flhit glasses with refractioe indices up to 1.9. Rlso 
totally reflecting prisms, objectioe prisms. 

Jena Standard and Boro-silicate Glasses for thermometers. 

Crplosion and Combnstion-hibes for £aboratories. 

Compound Uater-gauge Glasses. 

Jena Glass Caboratory Rppliances (boiling nasks, beakers, retorts, reagent glasses). 

Jena Incandescent Gas-Ugtit and Petroleum-lamp Ctiimneys. 
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9. Strasser & Hohde, Glashütte {Saxony). 

Chnmomrtrr and Scientific Inshiiment ftakfr. Cstablished tST5. 
Specialihi: Rccurate Ptndulum Clodis. 

Highest moards at ttie Universal firhibiHons of Chicago and Brüssels, 
and al the Trade &hlbiHons held al Ceipzig and Treiberg. 

t. Model of an tscapemeni fbr &aci Pendulum Clodis, designed by csirasser. this 

otremel^ simple escapemenr impels Ihe pendulum wlth an unequalled degree of predsion. the pen- 
dulum is Impelled when ueni nearly in tts 2ero posiHon and Hie impulsion Is independent of the degree 
of conslancu of the drlulng medianism and the condition of the oil; it is, howeoer, dependent upon 
dunges in the coefRcient of elasticity of the pendulum spring at uarious temperatures. Tts action is 
ttierefiore absoluteln uniform at all temperatures and hence ttie amplitude of the pendular oscillations 
remains normal under all conditions. rig. t. 

Ttoreoner, the escapement enables the pendulum to swing out freelu, it acts therefore as a free 
escapement so as to leaue the pendulum unafTected at the otreme poin». the mouements of all pen- 
dulum dodis fltted with this escapement haue, in consequence of these properties, acquired a nigh 
degree of nniformity. 





^"•i^ 



Tlg. 2. 




rig.t. 



Tig.3. 



2. r^easuring InshlimentS. rigs. 2 and 3. nicrometer gauges adapted for a great uariety of 
entific and tedinical purposes, dluiding a mllUmetre into fractions uan|ina from Vm ^o ^um- Vm 
Vmo* Vt,Mtinm can be measured directly with these insh'umenrs. Vlicrometers are alsi 



IM* Um* 



7x 
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tiude reading Vim* Vim ^^ %jm of Hic Cngtish ituh. thc jaios of Hiese gauges are dHier made 
of hardened steel or nHed lotm sapphires so as to preuent undue loear Hirouoh conHimed use. the 
aearina used in Hicse ittshintients Is made toitti the uhnost care; thrre is aDsoluteln no play and 
hence rhe readings are correct at ann posiHon of the Inder. 

Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot <7C oc 

10. €mst Winter & Sohn (late Ernst Winter), 

Hamburg-^imsbüKel, 5S Osterstr. 
flaker of Diamond Cutting Tools. 
estabUshed tS4T. 
Hn Hssorhnent of Diamond eraocrs for ortremely (ine dioidlng on gUss. metal. *c. 



Supplement to Section IL 

6. 0. töpfer, Potsdam. 

See p. 40. 

3. CarOf Star Spectrograph for determinlng monements loithin the oisuat radius. the apparatus 
in conjunction loith a large refractor semes for the photooraphti of highlti dispersed star spectra. It 
is attadied to the telescope bu means of an adapter rotahng so as to describe position anotes. the 
toidth and breadth of the sfit are adiusted micrometricallt|. Ihe apparatus comprises 3 nint-glass 
prisms of 60*, producing a total deoiatfon of t62^ the dispersion from D to G being to*. the length 
of the Camera is shortened loith respect to the collimator in the ratio of 4:$. the prism casing is 
fitted toith a Controlling telescope for the purpose of keeping a star in oieio and obseming its spectrum 
during Photographie erposure. the Photographie lenses are interdiangeable loith oisual objecttoes for 
direct ocular Observation. 

4. neasuring RpparahlS, especialln for measuring spectrum photograms, mounted on a stand 
and adjustable so as to place it in the most conoenient position for the obsemer. the micrometer- 
screu) actuating the measuring stage has a pitdi of 0.$ mm and a length of 10 mm; it reads to O.OOOS mm. 
Cntire renolutions are counted auromaticalli|. the movement of the microscope at right angles to the 
direction of measurement is capable of measurement. the microscope has a ränge of magnification 
from 12 to T50 diameters. the field of oieu) can be limited at pleasure and to anu desired ortent 
by tuming a collar at the eyepiece end. the readings are taken with the aid of adjustable double 
cross-lines. Accessory: Apparatus for testing the micrometer screu). 

Both Instruments are the property of and erhibited bu the Prussian Mtnistry of 
Education. 

TW iw iw 
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Imperial Physical and tedinical TnsUtute, 
of Charlottenburg. 

this InsHhtte was founded in t$IT and comprises hoo deparhnents, upon whidi deootne Hie foUoio- 
ing respecHne tasks :^ 

The Tirst Deparhnent opens its doors \o physical InnestigaHons and measurements aiming 
at the Solution of scientific problems of greater ttieoretical or practica! importance and in- 
nolning a greater erpenditure for instruments and materials, or requiring more time for 
obseroation and catculation than is ordinariln at tlie disposal of private indiniduais or eoen 
sdiools. 

nie objects of the Second Department are fourfold, uii.:-' 

1. to carni out physical and tedinical innestigations ordered from time to time bu the authorities 
1 or sudi researdies as appear calculated to promote the manufacture of scientific instruments 

or to contribute to the growth of allied brandies of 6erman industry. 

2. To test and certify measuring and standardiiing inshiiments as far as these Operations do 
not fall within the prouince of the OfRce of weights and Measures; also to ascertain the 
errors of graduation in sudi Instruments and to issue certificate» setting forth the results 
of these tests. 

3. to conshruct hishruments ex parts of histruments and to carry out other medunical worh 
for the requirements of the Imperial Institute or other 6erman 6onemment institutions and 
authorities, in cases where the worh cannot appropriately be carried out in private 6erman 
Workshops. 

4. Xo make and supply certain parts of instruments for the use of manufacturers ex traders 
in special cases where the manufacture in private Workshops presents unusual difRculties. 

rhe inshiiments erhibited are largelu of the Institute's own make and seroe to illustrate a few of 
the subjects with whidi the Imperial Phusical and tedinical Institute has to deal. lOhere no maker*s 
name is stated, the inshiiment has originated in the Institute's Workshops. 

t. PadlUtneter. this Instrument seroes for the eract measurements of thidinesses, especially the 
diameters or cylinders. !t has been made by J. lOanschaff, of Berlin, from designs by Dr. Ceman. 
two slides are made to mooe alono cylinders and toudi the body whidi it is required to measure by 
means of spheres. the slides are ntted with two graduated scales whidi are read by two micrometer 
microscopes. the inshiiment is equipped with the requisite accessories for conh^olling the parallelism 
of the aies of the microscopes and the contacts at the aper of the spheres. 

the diameter of a cylinder is determined bu the measurement of any number of parallel diords of 
its circular section tooether with their mutual distances. the latter are shown by a lifting screw 
with dioided head. this insh'ument has been largely used and prooed eminently satisfactory. 

2. Carge Standard Tuning Tork sounding 43$ double oibrations, mounted on sounding bor, 
hicludhig case and certificate. 

this fork has been designed for the purpose of flxing the international musical pihh and umts 
for hinina entire ordiestras; its construction conforms to the directions issued for the eiamination 
and certincation of tuning forks. See Zentralblatt f. d. Deutsdie Reidi tili. p. 939 and Z. f. Inshii. 9. 
p.65. 1119. 

3. Sniall Hand Tuning Fork sounding 433 double olbraHons, in case, including cerHflcate. 
this tuning fork sounds the international musical pitdi, it is adapted for use by hand and like- 

wise conforms to official regulations. 

Both forks are ahibited in order to illush'ate the method of certiflcation and to gioe Publicity to 
the form of the certificates. their maker is H. Heele, of Berlin. 
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4. Drum Chronograph mounted on a table, nie apparahis is pHmarihf adapted fm detrr- 
mining the oibraHons of ntnitig forhs as used for sdenHftc ^urposts. The qilinder is 10 cn in dia- 
meter and dtaly polished; i\ & smoked lohen required for use. !t is drincn bi| a dodi-train so as 
to rotate uniformt^. A Standard dupticatc hmina Unk numnted on a slidc is mooed along Hic qiUnder 
b9 a tcading scrao so as to inscrioc upon it tne Standard citroc of nibrations tohilst an electromagnet 
and tcoer mounted on the same stide marhs the seconds. the tuning förh reouh'ed to t^ tested is 
compared loith the Standard forh 1^ the method of beats. See also **lleber die Tlorniatstinini- 
9abetn der Ph^sik-Iechn. Reichsanstalt und die absolute Ilhtuno ihrer Schwin- 
gungen** (On the Standard tuning forks of the hnp. Vftys, and tedin. Inst, and che absolute method 
of counting oibrations). Z. f. Inshit 10. pp. TT, ITO, 19T. 1190. 

Ihis duronograph has been made by H. Heele, of Berlin. Tt is fitted with diange wheet gearing so 
as to cause the drum to rotate at three difTerent speeds. Ihe circumferential oelodfii of the drum mat^ 
aaordinglti be 1, $ or 10 cm. Ihe movement of the dodi is regulated bi| a centrifügal friction regulator 
with freely suspended rotating masses as modified by Prof. Houng, of Princetouin, Flass. Stt l. f. 
Insh1i.6. p.tl. ins. 

5. Standard and Mrteorotogical thmnomrtrrs. Unless stated to the contrani, thesc ther- 
mometers are of the encased pattem and made of Jena Standard thermometer gtass 16"i. ttie tsm 
glass as well as the hard S9"i borosilicate gtass, as made at the Jena Otass lOorks of Schott k Ge- 
nossen, is absolutelu invariable in its ouality fsee lOiebe, Sitiungsber. d. Berliner Ahad., I2.floo. 1115, 
and Schott, I. f. Insmt 11. p. 350. 11911. In Ine encased thermometers the enansion of the scale glass 
is almost identical with that of the 16"i glass, whereas the erpansion of the oorosilicate glass is less 
(see Oumlich and Scheel, I. f. Inshit IT. p.555. 1I9T). 

Ihe Standard thermometers spedfled below are uniformlu graduated regardless of hregularitip in the 
caliber. Reductions of the readinos of t6"i and 591" glass thermometers to those of the gas thermometer 
will be found in Orütsmacher s paper on ''thermomehic corrections,** lOied. Ann. 61. p.T60. U99. 

a. A set of fundamental Standard thermometers made by R. Fuess of Stegliti, consisting af Um 
thermometers embracing a ränge of to 500* C oii.:-' 

no.TOO, dioided into O.P, from —II to -^IV and from -i-oi to 102*, 1 degree equal to 4 mm on the scale; 

- T9l, . O.r, - - J - -I- !• . - -f40 - lOr, 1 - . . 4 . . . . 

- T9J, . o.j», - _ 4 . ^- 2» . . ^^3 . jor, 1 . - . j.j- . . , 

- T95, . 0.5*, - - 5 - -I- 5*, from -h94 to 105* and from 195 to 505*, l degree eitual to 

S.5 mm on the scale. 

b. Standard thermometer Tlo. 511 made b^ C Richter, of Berlin, dtoided into 0.1* from —1 to +lor, 
1 degree equal to 4.5 nn on the scale. 

c Standard thermometer Tlo.SlS made bu C Richter, of Berlin, this thermometer is made from 
Jena glass 591", and graduated on the rod into 0.1* from -S to-hi02*, eadi degree equal to 5.5 bw. 

d. Standard thermometer Tlo. 100 made by R. Tuess, dioided into O.l* from -40 to -h2*, from +52 
to 54^, from 65 to 6T* and from 91 to 101* C one degree equal to 4nn. 

e. Boiling Point ApparatusO for altitude measurements, together with boiling pohit thermometers 
made bi| R. Fuess. 

the thermometers nt made of 591" glass and dhiided, in accordance with the tension cinme of 
water oapour as shown inlOiebe*s table (published bu Fr. Oiewegl^Sohn, Brunswidi, 11941, into 
interoals of 2 mm ranging from 5T0 to 120 mm. the neight of the barometer can be read mtöX% 
with their aid. 



same 



the water of the apparatus is jnrotected from ooerheating bu a spedallu constructed boiler, and Ihe 
ne applies to the steam space (see Orütsmacher, I. f.insmt IT. p.t95. tl9T). 



6. thermometrrs fbr Scientific Purposes (£aboraton) Ihnmometrrs). 
a. 5 thermometers for measuring low temperatures:-' 

1 Petroleum-aether thermometer made by C. Richter, of Berlin, 50 cm long, dioided into 
Single degrees on the rod, and ranging from -1-20 to — 1T0*C, as suggested bu F. Kohl- 
rausch, ''Heber ein thermometer für sehr tiefe temperaturen und über die 
lOIrme-Ausdehnung des Petrollthers** fOn a thermometer for oeni low tem- 
peratures and on the thermal erpansion of pehroleum-aether). lOied. Ann. 60. p. t. tioi. 
I toluol thermometer made by C. Richter, dioided into sinole degrees from +50 to — too*C 
t Alcohol thermometer made bi| R. Fu ess, dioided into 0.5^ from +10 to -90* C. 
the graduations of these thermometers are based upon the sale of a gas thermometer. 



* this affaraltis has bccn Unt to the Institute for cihihition b| its »aker. 
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b. 2 Aturiliaru rhermometers for determining thc ttmprrahire of ttie prohitding column of mtrcury 
Hiermometfrs (nlament thermomettrs) tnade by C. Richter, dioided from —40 to -1-500^, loith vessels 
10 and 30 cm long. 

Diese thermometers loere originated by 6uitlaume and, as noio shoton, modiRed by Mahlke (I. f. 
Inshrfc. t5. p. $1. 1195). Ihe aturiliary thermometer is placed atong the prohiiding column of the prin- 
ciple Hiermomeler in sudi a manner as lo cause its 2ero point \o be in Ihe oicinily of the top or the 
mercuru Alament, bu whidi means Hie required lemperahtre of Ihe latter can be found directly from 
ttie Scale of the auiiliary thermometer. 

T. High tctnpfrahirt Thrrmoineters (upto+STS^'C). Mercuric thermometers capable of mea- 
surtng temperatures up to 450* C. bi| placing the mercuru under a pressure of about 4 atm. were used 
as early as 1144 bu Person. 1t appears howeoer that mermometers of this kind did not come into 
further use preoious to the tntroduction of the highlv refractoni S9 "i borosilicate thermometer glass. 

AU these thermometers haue been made and graduated on the stem by W, Tliehls, of Berlin, and 
the Space abooe the mercuru is fiUed with dru carbonic acid at a pressure of about 20 ahn. the 
graduations are bumt into the stem by Tliehl s process. the method by whidi these thermometers 
are made has been described by Nahlke in the t, f. Instrk. 12. p.402. 1192. Instead of carbonic acid, 
dry nitroaen man ^ employed as a filling medium. One of the thermometers eihibited is made of 
Jena combustion htbe glass, another of ism glass, the remainder of S9"i glass. Ihe flrst is harder 
still than the $9"i glass and thermometers made with it can be heated to a temperature of SirC. 
the borosilicate thermometers are aoailable for aact measurements up to SSO*C., tnose made of 16 "i 
glass for temperatures up to 420* C. 

Ihe readings of these thermometers haue been calibrated by an air thermometer (see Mahlke, lOied. 
Amt. 59. p. 96$. 1194). 

a. t thermometer Tlo. 4,150 of 16i" glass, dioided into Single degrees from —5 to -h430* C 

b. t thennometer Ho. 4,160 of $9"i glass, dioided into Single degrees from — S to-hSandhrom-i-19S 

c 1 thermometer no.4,lT0 of Jena combustion tube glass, dioided into Single degrees from —10 to 
-hir and from -hl9$ to $10* C. 

d. 1 Standard thermometer Tlo. 4,200 of 59 1" olass with uniformln dioided scale (1 mm = O.S") from 
-5 to +$*, from +91 to 102*, from 191 to 202*, from 291 to 302* and from 313 to 330* C. 

In this thermometer the correction is ascertainable through fundamental obseroation in the thermo- 
meter itsdf. 

e. two Filament thermometers made of 39 "i glass, graduated on the stem at interoals of 10 degrees 
from to 430* C. the bulbs are respectioely 10 and 20 cm long. 

8. £e Chatelier'S thrrmo-electric Couple of platinumrhodioplatinum, the Utter being an 
aloy containing 10 per cent of rhodium. the couple, 3 m long and 0.6 mm in diameter, has been selected 
from about 9 kg (or 1.3 km) of wire supplied bu W. C. Heraeus, of Hanau, to the Imperial Physical and 
tedinical Institute for the purpose of betng tested: the indioidual thermo-electric couples composed of 
flectricallii annealed pieces of this wire oary in their thermal oalues scarcely 3* at a temperature of 
1,300* C. the test oalues of the 6. M. T. in terms of degrees of the gas-thermometer noted on the cer- 
tificate supplied with the couple haue reference to Holborn*s and lOien's scale (lOied. Ann. 36. p. 393. 
U93). the Imperial Institute has so far tested and certified upwards of 1,000 thermo-electric couples of 
this kind, whidi were as a rule 3 m long. 

9. Clectrical Tumace for testing thermo-electric couples at high temperatures. the fiimace consists 
of a series of concentric tubes of fire-proof porcelain (^lassno.T, supplied by the Royal Porcelain 
Tactory, of Charlottenburg), separated from eadi other bu layers or nre-clay and air. One of these 
rings is threaded and cames the heating wire through whidi the electric current passes (for tempera- 
tures up to 1,400* it is made of nidiel, up to 1,600* of platinum-iridium). the thermo-electric couples 
which are to be compared are placed withtn the tube, where they are kept apart by their porcelain 
capillaries and saeened from tne eitemal influence of the heating current bu an outer enoelope whidi 
rests merely on the cold ends of the fiimace. this enoelope is indispensaole at hioh temperatures, 
u)hnre porcelain loses its isolatina power, the fiimace consumes about 1,400 watts at 1,300*. 

Xlie thermo-electric couples are fesred by comparison with seoeral Standard couples connected with the 
gas-thermometer. the heated junctions within the fumace are attadied to a small disk of platinum- 
rhodium, whereas the cold junctions are immersed in a bath of petroleum agitated bu a stirring appa- 
ratus and maintained at the ordinary room temperature or, if the couples differ considerably from eadi 
otlier and also if eiact results are required, at the temperature of melting ice. See **thltigkeits- 
bericht der Physikalisch-technischen Reichsanstalt für 1191.** (Report of the work carried 
out during 1191 by the Imperial Physical and tedinical Institute.) 2. f. Instrk. 19. p. 249. 1199, and 
Holborn and Day, lOied. Ann. 61. p.llT. l$99. 
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tO. Shunt for lesHng Ihermo-elfCtric Couples, &C arter eindeckt. Ce ChaUlter*s niermo' 
elechic couples haoe in Ute years been \es\td by \ht Imperial Phi|sical and ledinical InsHhite in oeru am- 

siderable numbers. By means of the apparahts ei hibited Hie electro- 
moHoe form of the couples can be read toithout caIculaHon. the com- 
pensating Shunt, whidi is the leading feature of the apparatus, is 
^0 shown in Fig.!. the current supplied by an accumulator A is reoulated 
by the adjustment of the resistance W whidi causes the loss or Poten- 
tial produced bv a hnouin resistance, e. a. O.t ohm, to comoensate the 
thermo-electromotioe force of the couple T. ■ is a sensitive milli- 
ampä^emeter, the readinos of whidi, dioided by tO, indicate the 
electromotioe force of the rhermo-electric couple, supposing ttie Shunt 
resistance to be O.t ohm. Ihe apparatus includes seoeral Shunt 
fig. t. resistances of 0.0(, O.to, O.U ohm, 9tc., so as to prouide for the 

utiliiation of the füll scale of the milli-ampä^emeter. 
Ihe apparatus is Ukewise adapted for work with other couples besides those of £e Chatelier, e.g. 
for the measurement of low temperatures with the aid of a constantan-iron couple; in fact, for measunng 
low Potentials in general, whidi in this apparatus mau readi 0.06 uolt. See £indeck and Rothe, 
l^iss. Abh. d. Reidisanstalt 3. 

tt. Rir-thermomettr Uessd of PlaHnum-iridium mied with nitrogen, as employed by 
£. Holborn and A. Day for measuring high temperatures; see ''lieber die Cuftthermometer bei 
hohen Temperaturen** (On air-thermometers at high temperatures), l^ied. Ann. 6$. p.StT. t$99. the 
oessel is IT cm long, its diameter 4 cm, its capacity about 300 ccm ancl its walls t mm thidi. the captltarv 
is 30 cm long and its internal diameter is O.T mm. the nessel is made by W. C. Heraeus, of Hanau. 

12. Stnall Electric Muffte Furnace of the 6erman 6old and Silner Refining Uorhs« 
Frankfort-on-the-Main, for the eiamination of smelting samples. the heating current passes through a 
platinum wire netting enoeloping the muffle. 

13. Fluid Thermostat uiith Electric Heating Rpparatus for compaHng thermometers. R 
oessel of Jena laboratory alass (bi| Schott it Genossen, Jena) seroing as a receptade for the fluid 
is placed, and can be rotared, in a cylinder composed of seoeral concentric enoelopes separated by air 
Spaces, the interior of the oessel is occupied b^ a turbine the enoelope of whidi carries ttie heating 
arranaement. the latter consists of two electricallu heated coils of constantan wire whidi are loound 
side DU side upon a threaded clay tube. these coils may be put into circuit, in series, singl^ or in 
multiple arc, accordina to the intensity of the required temperature, while the strenath of ttie current 
is regulated by an outside resistance coil Suitable fluids are petroleum for moderate, or oalmine for 
higher temperatures. the thermometers are attadied to an aluminium cooer bu means or corfcs. Rt 
temperatures up to aoo'' C. the reading should be taken with the fllament entireni submerged, at tiigher 
temperatures (up to Hd^ C.) the scale may be read Just abooe the surface of the fluid, as in this case 
the requisite correction does not ei ceed a few hundredths of a degree oming to the slight difftrence of 
temperature. the degree of constancy attainable with this apparatus at 1(0*^ C. is neuer less than o.er 
for a period of tOminutes, the mean consumption of energy being 300 watts. See R Rot he, Z. f. 
Instrk. 19. p.t43. t$99. 

14. Deuiar's Uessels Ulith Coacuated Jacfcets, made by R. Burger, of Berlin. 

a. Spherical oessel, siloered, 30 cm in diameter and haoing a capacity of 3 litres, for storing liquid air. 

b. Cylindrical oessel of tO cm diameter, with transparent sides for watdiino thermometers. this 
oessel may be used as a thermostat for high temperatures (not eiceeding SOO'' C.) in conjuncHon miHi 
an electrically heated wire coil. 

15. Cylindrical Rods of pure platinum, palladium, rhodium and Iridium, t.Scm in diameter and 
31 cm long, lent by 19. CHeraeus, of Hanau, these rods were employed in the determination bv 
F. Kohlrausch*s method of the heat conducting power of these metals. See Sitiungsber. d. Ben. 
Akad. 3$. pp. TU and 119. t$99. 

16. Optical Bendi uiith Cummer and Brodhun's Photometer Head,^) urith neioet 
screens for the eiclusion of ei traneous Höht, and rails for connecting two photometer carriages. the 
graduated tradi is 330 cm long, the photometer head is adapted for equality and contrast adjustments. 
See 2. f. Instrk. 9. pp. 33 and 46t. t$$9; tO. p.U9. t$90; \2. p.4t. tS93. 

* IhU apparahts has becn constnicted by Mssrs. Siemens a Hat skr antf lent, for erhibülon, t« tkc hnpcriil InsHIvIc 

* Ihe optica! bendi witli pliotometer licad lias bcen lent for ciliibition by Mssrs. Scliniitft a Hacnscli,«f •crUn. 
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IT. Strttt Photomtter, for photometrical measurements outdoors and in the laboratoni at any 
angle of emission. A small mcandescent lamp consHhites the comparison Standard, the measurements 
are made aftcr the method of roUHng sectors, in this case hoiocDer the sector is fiied tohereas the 
raijs passing from the luminant to the photometer field are made to rotate by means of prisms. See 
2. f. Instrk. t4. p.StO. t$94. 

18. Rotatino Photometer Sector, on whidi the position of the sectors is altered and the circle 
read lohile rotatüig. See Z. f. Insh^k. 16. p. 399. t$96; tl. p. tO. t$9T. 

19. Rpparatus for Determining the Position of the Optic Rfis in quarti putes ground 
nrarly at right anales to their optic aiis, sacdurhneter plates in particular, after the method of 
ßumlich. See l^iss. Abh. d. Reidisanstalt 3. p. 30t. \tn. £oen in oery thin plates, not efceeding 
o.4min or W of Dentike*s scale, it is possible to ascertam the position of the avis toithin 6 seconds. 

20. Surface and Cinear Botometers for measuring total and spech^oscopicallii decomposed 
radiation. In this Instrument particular care has been taken to render both, or all four, arms of 
Uheatstone*s bridge, tohidi is formed by the bolometers, as similar as possible toith respect to 
their resistance and the nature of their surfaces. Ihev consist of platinum sh'ips 0.00 t mm thidi toelded 
behoeen tioo sh'ips of siloer 0.0 t mm thidi and subsequentli| rolled into Strips of this thidmess, lohd^ebv 
a high degree of uniformitv is ensured, the method being analogous toI^ollaston*s process as applied 
to loires. These sh'ips are accuratelu dioided on the enaine so as to maintain as evactlii as possible 
Hie proper length and toidth of the bolometer strips. After mounting the sh'ips upon frames of slate 
and proniding them toith terminals the siloer is remooed by means of nih'ic add and the platmum 
sh'ip is coated electrolyticalli| on both sides toith platinic bladi of great absorbing power. 

Bi| this method it has been possible to produce bolometers of any form and resistance and of a 
thidiness doton to 0.3^ 

Haning a thidmess of onltj 0.00 t mm, these botometers are atremtXy sensitioe, since differences of 
temperature are rapidly eqtuliied. 

Otoing to the identity of the bolometer arms the galoanometer yields a good position of rest eoen 
toith variable currents. See I^ied. Ann. 46. p. 304. t$93. 

2t. Mercuric Rrc Camp lOith lOater Cooler, this Ump is a modification of Arons*s mercuni 
are tamp (l^ied. Ann. 41. p.T6T. t$93), tohidi has been gioen the form shoton in Fig. 3, so as to render 
the tntense light of the mercuni are toith its fem speetrum lines aoailable for Polarimetrie toork. 
Arons*s lamp is adapted for use toith toeak currents only, 
as powerful currents are liabte to cause the U-tube to beeome 
ooerheated and cradi at the point tohere the are passes oner. 
By immersing the lamp in toater it is possible to maintain 
the current for hours, but on the other hand a targe quantity 
of mercury t)apour is Condensed upon the toalls of the tube 
and ttie drops of mercury tohile running doton cause the in- 
tensity of the light to dtminish and osetllate continually. 

These objeetionable features are entirely absent in the ap- 
parattts as sketdied in Fig. 3. In this form of the lamp the 
line of t)ision passes through the entire length of the are B. 
The Höht emitted by the are is diffused and reflected bu the 
matted sides of the horiiontal tube and can pass out toirhout 
hindranee through the ends 8. In order that these may be as 
free as possible from Condensed globules of mercury the tube 
is immersed in toater in sudi a toay as to alloto the ends of 
the tube to projeet being thus cooled less than the intermediate 
portion. If neoertheless, in the course of time, the end surfaces should beeome cooered toith fine 
globules it is only necessary to carefully tilt the lamp, tohen the bulk of the mercury Coming in con- 
tact with the fine deposit will take the Utter with it on flowing badi. See Beiblatt i. Z. f. Ins^k. t$96. 
no. 4 et seq. 

22. 6umtich's Mercuric Rrc Camp Charoed loith Cadmiumamatgam, together with its 
heating bof. The amalgam eontains ( to tO per cent of cadmium and, in a fused eondition, is flltered 
througn seoeral eapiltary tubes into the preotously toarmed and eoacuated lamp so as to free it from 
the Umer of oaride whidi othenoise toould preoent the formation of an are. l^nen in use the lamp is 
heated in a toater bath to about tOO'^C. and fed bu a current of about tO amütrts, The speetrum shotjos, in 
addition to the mercury lines, the principal cadmtum lines toith sufficient orightness for many measure- 
meiits. See Z. f. Instrk. tl. p.tot. tS9T; l^ied. Ann. 6t. p.40t. tS9T. 




Fig. 3. 
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23. QechicaUl) Heated RbSOtutrill Black Bodl|* by Cummer and Kurlbaum. Cummer 
and Witn haoe suggested as a suitable means far pracHcallu realiiing, loiHi anti desired dcorce of 
approdmaHon, a radUHng **absolutelt| bUdi body,** as defincd 6^ 6. Kirchhoff, tnat the inrcrtor 
or a holloto body should be rafsed to as uniform a temperature as posstble and (hat 
the raus should be allowed to pass out throuah an aperture (b^ied. Rnn. $6. p.4(l. t$95). 
Many aftempts to realiie this suMestion haue resuUed (n the conshruction of an eiectricailu heated 
bladi bodu, whidi is aoailable Tor a Wide ränge of temperatures, bestdes being easily heared. It is 
prepared by the foUouiing process:^ 

R piece of platinum foii about Vim mni thidi and $0 cm long is beut into a qilinder and boHi longi- 
tudinal ends are welded together, care being tahen to make the section of the qiUnder as uniform as 
possible. Both ends of the tube are thidtened and prouided with piatinum ears through lohtdi the 
electrical current is made to enter the qilinder. the object of the tnidiening is to cause the current 
to fiow through the cylinder in a direction parallel to its atis. the platinum qiltnder contains a thin- 
walled tube made of a refractory mass and fitted mith cross walls and diaphragms, sudi that onty the 
middle section of the cylinder seroes as a radiant. the temperature of the radiant cauitii is ascertained 
bv means of a thermo-electric couple. the refractory mass or uHiidi the inner tube is made to constst 
can be heated to neartu 1,100*" C. wtthout becoming soft, it is readity moulded and shrinks in a far 
less degree than porcetain. the tube has been made at the Royal Porcelain Factory, of Charlotten- 
burg. See Derh. d. Physik. 6es. lu Berlin IT. p. 106. tS9$. 

24. High Potential Batteni of Smatt Rccumulators oft.oooooits^madeby RBomhiuser, 
of Charlottenburg. 

25. Battmi of Small Rccumulators of 240 oolts, for measuring purposes, made by FL Born- 
hluser, of Charlottenburg. 

these batteries consist of lead accumulators in alass jars 9 cm high x 4 cm diameter. Cadi ceU has 
a positive and a negatioe electrode and is designed for a normal current of O.t amp^re and a capacity 
of tohours. the glasses are fitted with an actd-proof stopper whidi preoents acid from being thrown 
up by the eoolutfon of gas while the accumulators are being diarged. the outside of the Jars and 

(heir surroundings rematn ttiertfore dry. 
these cells were flrst emploued by 
the Imperial Physical and tedintcal 1n- 
sHtute with a high potenHal battery of 
11,000 oolts, whim has now been in use 
for S years. See lecture by K Feussner, 
Hochspannungsbatterien (High Po- 
tential batteries), eiektrotedin. 2eitslir. 20. 
p.692. t$99. 

26. Portable Clark and Urston 
Standard Cell» pattem of the Imperial 
Institute. Clark*s cell, as described by 
K Feussner, Heuere Rrbeiten der 
Phusih.-techn. Reichsanstalt (Re- 
cent works of the Imp. Phys. and tedin. 
Inst.), Collectton of electrotedinical lec- 
"^VoittHon**' tures, published by Cüoit, l. Ho. 3. p.l35. 

2T. Rheostat uiith Mica Sheet Re- 
Sistances made by O.b9olff, of Berlin, 
the resistances consist of cooered man- 
ganine wire wound in Single layers upon 
mica Sheets, the connecHons »rt made hy 
Roe or sir cooered sUding contacts fltted 
with brushes of fine stloer foiU the 
readings being obtained from a series of 
numbered spring indicators situated m 
the incUned front of the bcnr (Fig. 4). 

the object of this nem design is to 
obtain rapidity and certainty in tnemani- 
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pulation of the connections, low transiHon resistances, good oenHlaHon, and to oboiate short-dmtiKng 
at high potentials as well as tnduction and capacity errors (see K Feussner, Heue Formen elek 
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trischer l^tderstandssätie tneio forms of electrical resistance boies), £lektrotedin. Zeitsdir. 30. 
p.6tt. tS99. 

28. Resistance Boy for Poioerful Currents, with four decades and cranh dunger. tfie re- 
sistance coils consist of constantan Strips, the oreater portion of tohidi are pressed betioeen jpairs of 
copper Strips cooered loith mica both for protecHon and for the better abduction of heat. the four 
decades of O.t, t, 10 and tOO ohms are protected by an outside safety resistance of ( ohms, b^ oirtue 
of whidi the cranks mau be dianged at pleasure when the bof is put into a ctrcuit of t20 oolts 
without rtsh of damage ro the apparatus. In those cases where the ctrcuit includes other suffictenttii 
large resistances, the safety resistance coil, or one half of tt, can be short ctrcuited. See K. Feussner, 
neue Formen elektrischer b9iderstandssät2e (neto forms of resistance boies), ibid. 

29. Regulating Resistance Boy for Potential and Power Meters, the resistances are simiUr 
in form to no. 21. The meters are put in and out of Circuit, and the outside resistance adjusted gra- 
dualln, by means of the main cranh. Rn adjustable stop plug flies the limit of the crank move- 
ment in eadi case. the commutator situated abooe the centre of the main crank serues for revers- 
ihg the direction of the current in the meters. See K. Teussner, neue Formen elektrischer 
Uiderstandssätze (new forms of electrical resistance boies), ibid. "* 




Fig. 4. 



30. non-inductioe Shunt Resistance for Rltematino Currents. induction is obniated by 
bcnding the resistance strips into a loop, the closelti padied haioes being separated by a mica leaf. 

3t. Reflectino High Potential Elech'Ometer« after the principle of D. Bjerknes's pUte- 
elechrometer fj^ita. Rnn, 4t. p. (94. t$99l, made buM. Bornhäuser, of Charlottenburo. the apparatus 
is adapted for measuring altematina potentials of several thousand oolts and has ror this purpose 
been standardiied by a high potentlal batterv. 

32. Feussner'S £lectrical Brake, for determining the power of small electromotors, one pattem 
bring a small one for powers not evceeding 0.2 horsepower, and a large model for powers up to 
10 horsepowers. ^ 

The apparatus consists of a renoloing copper disk, fiifed with a water cooling arrangement, whidi 
shoitld eiftier be coupled to the motor or mounted direct upon the spindle. A magnetic System rest- 
ing upon a knife-edge is maintained in equilibrium against the himing momentum of a weioht by 
the artraction between the magnet poles and the edd^ currents set up in the copper dlsk, thts con- 
dtHon being brought about by the adjustment of the evciting current. 

33. Mounted 6lass lube for Ohm Determinations. Fine tubes of this kind hane seroed 
for establishing the 6erman unit of resistance in accordance with its legal definition. the ends of 
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Ihe hibes are ground plane and fltted loiHi spherical terminal x)esst\s prootded loith the nccessani 
pUHnum connecHons ror passing the current rhrough and for mcasuring Hie fall of pdentiaL Rs 

shoum in Tig. $, Hie hibes vt placed upon a rail 
loiHiin a copper bat fllled lotrh petroteum and 
mainUined at 0* C. by means of ice padttng. the 
htbes haoe been carefullu aamined lotHi rcspect 
to bore, lenoHi and secKon and are periodicallii 
compared loiHi eadi oHier and loiHi meir coptes 
so as to estabtish and mainUin a fimdamcnUl 
Standard for Hie resistances submitted for cerHR- 
caHon. See l^iss. Rbh. d. Reidisanstalt 2. p. 3T9. 
t$9S, and 3 (in Hie press); also l^ied. Rnn. 64. 
p. 4H. t$9$ and Z. r. Instrli. 16. p. 134. t$96 (er- 
fract). 

34. Ohm Copy. these copies conslst of bent 
glass htbes loiHi terminal oessels, thev ve fllled 
loith mercurv under a uacuum and thereupon sealed. 
Cike the Standard tubes (Ho. 93), Hiev ^i"^ measnred 
at 0*" and are, for this pitrpose likeioise immersed 
in Petroleum at 0*. Cadi terminal oessel has fused 
into it three plaHnum connecHons, oif. for the pass- 
age of the current, fbr measurinQ the fall or Po- 
tential and for the Shunts. Feriodicat comparisons 
are made loith the Standard tubes and loire copies 
in Order to oerify the constancii of the unir of 
resistance seroing as the basis of all regulär tests. 
See l^ied. Rnn. 41. p. 3 1 3. 1 $92 ; l^iss. Rbh. d. Retdis- 
anstalt 2. p.43T. U93, and Z. f. Instrfc. 16. p. 134. 
1696 (reprint); also Uied. Rnn. 64. p.4$4. 119$; 
Z. f. Instrk 1$. p. 99. 1691 and l^ied. Rnn. 63 p. 3T6. 

t$9l. 

35.') Standard Reststances of Mangantn 
Uirt from O.l to 100,000 ohms. These resistances 
seme boHi the purposes of aact Standards fcr measur- 
ing resistances and for determining strengttis of 
currents b^ measuring the difference of potential 
at the two ends of the coiL the cotls loere con- 
structed so as to satisfy the folloioing require- 
mentsi^the resistance sluiuld undergo as Itttle 

fieriodic dianges as possible; the temperature of 
he wire should be accurately ascertahuble; the 
generaHon of thermo-electric currents sluiuld be 
oboiated; the heat produced b^ the current should 
be carried off as rapidlu as possible. the lon^e 
coils are arHficially aged before the final adjust- 
ment bu being evposed for tO hours to an air-bath 
at 140** C. the otner requirements are saHsfied bv 
the design of the apparatus, as sluium in Fig. 6. the 
copper electrodes haue two bends haohig attadied 
to them the resistance bor immersed in peh^oleum. 
See Feussner and Cindecfc, Z. f. Instrfc. 9. p. 233. 
t$$9. Feussner, ibid. lO. p.6. 1190; Feussner 
and Cindecfc, ibid. 13. p. 394. 1695 andUiss. Rbh. 
d.Reidisanstalt2. p. 503. 1193. JaegerandCindecfc, 
Z. f. Instrfc. II. p. 91. 1$9I. 
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36. Rrsistances Of nanganin Ships of O.ot, O.OOt and O.OOOt ohm. rhese reslstances are 
made in hoo siies. the smaller pattem Is represcnted by hoo reststanccs of 0.0t and O.OOt ohm. 
they art adapttd both as Standards for measuring resistances (e. g. for balancing ottier resistances 
of a similar oalue, for measurino tfie conducHne potoer of copper rods, 9tc.), and also for measuring 
ttie strengtti of currents by tfie tndirect method. In the latter case they can be toorhed up to tOO toatts, 
orooided they are contained in appropriately constnicted petroteum-baths. the larger model is adapted 
for measuring oeru large currents and is anatlable for t,000 watts; tu)o resistances of O.OOt and 
O.OOOt ohm respecnoely are evhibited. the petroleum is well stirred by a central turbine and is 
kept cool by a stream of cold water passing through a spiral. 




Tig.6. 



lOhen adjusting these resistances the strips are initially gioen a smaller than the required resistance 
and subseouently their section is diminished bu boring hotes into them until the correct resistance is 
obtained. By this method i\ is not difflcult to adjust a resistance of O.OOOt ohm within the ten 
rhousandth part of its oalue. See Feussner, Z. f. fnstrk. 10. p.425. t$90. 

3T. PlUQ Resistance Boy of O.t to 50,000 ohms. rhis resistance bof is conshiicted after the 
pattem of Siemens*s plua resistance boies, but due regard is paid to the requirements set forth 
m the description of the Single resistances. The coils are made of manganin; eadi coil being arti- 
llciatly aged by heating and the internal connections are erclusioely obtained by soldering. In addition 
to the holes for the traoelling plugs, the contact pieces are prooided with screws, whidi is frequentty 
a great conoenience when accurate measurements are to be made with the bov. 

38. PotenKometer lotth Outside Resistance Botr. rhis apparatus is a new form of the 
Potentiometer described by Teussner fZ. f. Instrh. tO. p. US. t$90). It is adapted for measuring, 
i0tth the aid of Standard cells, e. g. Clarh*s or 10eston*s, of accuratelu hnouin electromoHne 
force, the potentials of continuous currents, from the lowest to the hignest ooltaoes, with a 
degree of accuracy within O.t per cent. Uith the aid of hnouin resistances, e. g. the smalt re- 
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sistances described under no. 96, the apparahis is Uknoise aoailable for measurttio lotth a similar 
degree of accuracy, the strength of continuous currents. the measuronent ts generaUii made in sudi 

a mantier that the appa- 
rahis gioes direct read- 
ings or Hie potetiHal. Ihe 
apparahis -is roughlii re- 
presented in Fig. T, from 
tohidi i\ will be seen 
(hat i\ contains floe sets 
of cranh resistances, oii. 
9 resistances of t.OOO and 
tOO Ohms eadi and 2x1 
resistances of to, t and 
0.1 Ohm. the resisUnce 
of the entire apparahis 
betioeen the terminals +B 
and — B at any position 
of the cranks is nominallv 
altoai^s 14,999.9, or rough- 
ly t(,000 Ohms. 

the measurements of 
hioh Potentials necesst- 
tares the use of an out- 
side resistance. flo. 21 
Tig. I. may be employed for this 

purpose. 

39. Double Shunt Bon with Rrrangement for Rscertaining the Conductioity of 
Copper Rods, &C. the conducting power of thidi copper toires is determined at the Imperial In- 
stitute by thomson*s double bridge method. In conh^adistinction to the apparatus aenerally em- 
ployed for this purpose the Standard resistances are invariable (e. ^ 0.001 ohm) and the Shunt re- 
sistances variable, tioo fcnife- 
edges are placed upon the wire 
to be measured at points eyactlv 
50 cm apart and the ratio of 
the resistance of this section 
to the Standard resistance is 
ascertained by the double re- 
sistance bor. Tor this purpose 
the apparatus is pronided with 
three plug resistance coils of 
100, 50 and 25 Ohms respecHnety 
and four Shunt decades of sliding 
resistances eadi comprising t 
coils reading to O.t, t, 10 and 
100 Ohms, the connecting re- 
sistance betioeen the nearest 
knife-ekge and the Standard re- 
sistance is bridged in the usual 
manner, the number of plug and 
sliding resistances being eiactly 
the same as that in the variable 
brandies. the corresponding de- 
cades of the tioo circuits are 
opposite eadi other and put in 
and out of ch'cuit by the same 
double lever. 

l^hile measuring, the copper bar is immersed in a petroleum bath whidi can also be made to con- 
tain the Standard resistances (e.g. O.Ol, 0.001 and 0.0001 ohm). the peh'oleum is kept In agitation 
by small turbines and can be heated electricatly abone the ordinary temperature for the purpose of 
ascertaining the temperature coefftcient of the copper. See Feussner, CoUection of lectures on applied 
elech'icity, edited by 6. Doit, 1. no.3. p.llS. 1S9T. 
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40. Comparison Rpparatus for Standard Rfsistances of approvimateiv equai oatue. the 
reststances lohidi are \o be compared are placed in oblong pelrolfum baths, one of lohidi can be healed 
dectricallu. the raKo of Hie hoo resislances is delermined toilh Hie aid of a shunl-boar. the laHer 
contains noo high side resislances, say of 100 ohms, and behoeen boHi a resislance measuring the thou- 
sandth pari of eadi side coil, in Ihis inslance O.t ohm. the connecHno resislance behoeen Ihe resistances 
lohtdi are lo be compared is bridged by a similar bov afler thomson s melhod. this is parlicularli| im- 

Kortanl lohen Ihe resistances under comparison do nol erceed t ohm. II is easn b^ this arrangemenl 
) aHain a degree of accuracu loiHiin a feio millionlhs of Ihe nalue. R descriprion of Ihe apparahis 
and Ihe manner in lohidi ir is used will be found in Hie Ihird and fourlh reference ginen al Hie 
conclusion of Ho. 35. 

4t. Four-crank Outside Resistance Botr for reguUHng ihe measuHng currenl, as toell as for 
manv olher measuring operaHons. II embraces four decades of 9 resistances in eadi (say of O.t, l, 
10, tOO or t, 10, 100, 1,000 Ohms, l^.), lohidi can also be split up into tioo parts for use in tioo separate 
cimtits. 

42. Kundt*S High Resistances. m the instigaHon of Prof. Kund t a senes of erperiments 
haue been carried out In the Imperial InsHtute in the course of the last feto i^ears loith a nieio to as- 
certain lohether his process of buming ertremely thin lauers of plaHnum and plaKnum alloys into 
glass or porcelain could be utiliied as a means of constructino neru hiah resistances. these erperiments 
toere carried out in conjunction with Hie Chemical l^orks Limited (late£. Schering), Berlin, the 
crhibits include a smooth porcelain culinder, another coated loith an alloy of platinum and a complete 
resistance. the latter is made by the foUowing process :-'A cylinder completely cooered with the 
allou is coated toith a thin layer of war. R spiral of appropriate pitdi is cur upon this layer loith a 
knife and loith the aid of a lathe, lohereupon the erposed layer or platinum is remoned by acids; or 
a scrtw thread may be drawn upon the porcelain cylinder loith a draioing pen diarged loith the 
plaHnum soluHon and Hien burnt tn. this method is likewise represented by a resistance of roughly 
300,000 Ohms. 
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